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INTRODUCTION. 



X HE earth is surrounded by an invisible elas- 
tic and gravitating fluid, which reaches to a 
considerable height above its surface. Although 
this fluid does not oppose any apparent resist- 
ance to the passage of the sun's rays, or to the 
motions of animals and other natural processes, 
it has nevertheless been ascertained to be of the 
most important and indispensable use, in the 
performance of the functions of the animal and 
vegetable economy, and to have the effect even 
of modifying the illuminating power of the sun. 

The word Atmosphere is appropriated to di- 
stinguish this fluid, and it seems to have 
been originally suggested by the followers of 
an opinion, which prevailed in remote antiquity, 
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Vlll INTRODUCTION. 

respecting the nature and figure of its compo- 
nent particles. 

The atmosphere is perceived to have a perma- 
nent influence over every part of the creation, 
although this does not seem to be equally power- 
ful in every variety of matter ; its effects being 
most conspicuously discerned in the two great 
classes of natural objects above mentioned, upon, 
which it continues to act, under every circum- 
stance and variety of organization, and, with a 
certain degree of temperature, is indispensably 
requisite for their immediate existence. The 
investigation of the properties of the atmosphere, 
may be therefore considered as affording a sub- 
ject of the most interesting nature for the 
study of the general student, and deservedly 
claims the attention of professional men, as pre- 
senting a scope for research, by which the most 
useful knowledge may be acquired. The im- 
portance of this investigation has been accord- 
ingly inculcated even in the most remote ages, 
as forming a branch of science which, in its ap- 
plication to the purposes of life, is the most ' 
conducive to the comfort and interest of man- 
kind. 
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A knowledge of the properties of the atmo- 
sphere, promises to confer benefits upon society 
of the most interesting nature, by enabling us 
to comprehend its power in varying the dispo- 
sitions of different classes of mankind, and in 
accounting for the appearances of animals and 
plants, peculiar to different climates. There are 
diseases peculiar to every country, which ar^ 
evidently occasioned by the influence of the air; 
and there are others which occasionally occur, 
seemingly common to mankind in general, 
which have been supposed tx> be propagated by 
the immediate influence of this fluid, in conse* 
quence of an alteration of its natural qualities^ 
or its being mixed with certain matters possess- 
ed of peculiar properties. It is therefore evir 
dent, that the power of the atmosphere, eithec 
as a supposed cause of diseases, or as a powerful 
means of preventing and curing them, can only 
be properly determined by a scientific examina- 
tion of its properties, and of its affinity to other 
matters. In this point of view, an acquaint- 
ance with the properties of the air, and its influ- 
ence on living bodies, may seem to be parti- 
cularly interesting to medical men ; these 
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are, however, equally important to every indi- 
vidual. 



** Vivit et aetherias vitaleis succipit auras.'' Luc. lib. 2. 

For this reason I have been induced to collect 
materials for the following work, which, with 
much diffidence, is now presented to the pu- 
blic. 

The influence of the atmosphere is so various 
and complicated in many operations of art, as 
well as in the functions of the animal and ve- 
getable economy, that to embrace its effects in 
general, would form a very extensive field of in- 
vestigation : on that account, it is meant to li- 
mit the following obsei'vations, to the power of 
the atmosphere in the sciences of medicine and 
agriculture, although its effects in several ma- 
nufacturing processes will be occasionally taken 
notice of. In this way, it is proposed to treat 
of the subject under the following heads : 

The first embraces a discussion of the physi- 
cal properties of the atmosphere : this part na- 
turally includes an account of meteors, as wind, 
rain, aurora bbrealis, &c. ; and, as the influence 
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of light and heat are extremely important in 
varying th<ese phenomena, a few general obser- 
vations respecting their effects are premised, and 
in order to facilitate the comprehension of se- 
veral of the most important doctrines that fall 
to be taken notice of. For a similar reason, an 
account of atmospherical electricity is likewise 
given, as many of the most frequent and alarm- 
ing meteors seem evidently to depend on the in- 
fluence of this fluid ; and to these is subjoined 
an account of prognostics of the weather, so far 
as they have been ascertained. 

The second part comprehends an investiga- 
tion of the chemical qualities of the atmosphere: 
this embraces the subject of eudiometry, oxi- 
dation, combustion, &c. ; with a view of the 
properties of its constituent principles, arid of 
the condition in which they exist in the com- 
position of that fluid. 

The third and last part involves the investi- 
gation of the influence of the air in continuing 
the functions of animals and plants; the princi- 
pal of which are respiration, vegetation, and 
the temperature of living matters ; together 
with the changes it produces upon animal and 



vegetable remains, as in fermentations and pu- 
trefaction. This part likewise includes the in- 
fluence of climate, or an investigation into the 
physical properties of the atmosphere, in regard 
ia their effects upon living animals and plants ; 
And as the qualities of the air are frequently va- 
ried by the admixture of foreign matters, a ge-; 
neral view of the most remarkable of them is 
added : this more particularly embraces the 
powers of marsh miasma and contagion. It 
tnay appear that this part of the subject 13 too 
minutely discussed ; but its importance is gene^ 
rally admitted, and, I trust, will plead my apo- 
logy for the details it has been judged necessa- 
ry to enter into in this investigation. 

The atmosphere is never found pure^ at least 
near to the earth's surface: it is there presented to 
our senses, loaded with various heterogeneous 
matters that are continually exhaled from the 
soil, and which are either soluble in the air itself, 
or assume the aeriform state at the common 
temperature of the climate. These exhalations 
are so very copious, that some celebrated men 
among the earliest writers on the subject of the 
atmosphere, have supposed that it is entirely 
composed of them, — an opinion which the dis- 
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coveries of modem times have shewn to be in- 
compatible with its nature. In the foUowmg 
investigation, the terms atmospheric air, and 
common air, are used synonymously, and desig- 
nate that fluid as it is found in the regions near 
to the earth's surface; the term, atmospheric 
air, being understood to be the permanent basis 
of the atmosphere divested of every heterogene- 

■ 

us principle. In treating of the atmosphere, 
it is usual to make an arbitrary division of it in- 
to different regions; the inferior region, ac- 
cording to Pere Cotte, is that portion of the air 
which reaches from the earth's surface to the 
height of about two leagues; the middle region 
begins where the former terminates, and reaches 
to the supposed height of even eighteen or twen- 
ty leagues : the superior region then commences,, 
whose height is indefinite. The word stratum 
is sometimes used synonymously with region ; 
but, in general, it signifies a tract of the air simi- 
lar in point of temperature and other proper- 
ties : thus, the lower stratum of the air com- 
prehends a tract reaching from the earth's sur- 
face to the height of 300 or even 500 yards. 
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CHAP. I. 



op the general properties of ught, heat. 

aKd electricity. 



Independently of exhalations from the earth^s 
surface, atmospherical air is likewise intimately 
combined with certain proportions of heat, light, 
and electricity ; and by some chemists its aerial 
form has been supposed to be occasioned by its 
union with the former of these fluids. But 
when these matters exist in the atmosphere in 
a free state, they appear to have a very active 
influence in bringing about changes in that me* 
dium : it seems therefore necessary to premise a 
few general observations respecting their, influ* 
ence on bodies in general, which will enable ns 
to comprehend with gt-eater facility the manner 
in which th€;y affect the atmosphere. 
Vol.1. * A 



2 GENEltAX. PHOPEUTIES OF 

It is not our intention to enter into a minute 
discussion of the effects of tliese matters : the 
following observations shall be therefore con-! 
fined, as much as possible, to a relation of such 
phenomena as bear a reference to the general 
subject of our investigation. 
' The effects of light, heat, and electricity, are 
very similar in many respects, and their proper- 
ties in general fullyprove their materiality : tliey 
may be elicited from eveiy kind of matter, and 
seem to exist frequently combined in the same 
body, one of them becoming occasioually, as it 
were, the cause of the appearance of the others, 
while the changes effected by them separately 
on different bodies, are sometimes very nmch 
alike. These circumstances have induced some 
philosophers to suppose light, heat, and electri- 
city to he different nioditications of the same 
matter; however, it will be afterwards percei- 
ved, that tlie peculiarities of each sufficiently 
distinguish them as distinct fluids. 

The intimate particles of these fluids are of 
extreme minuteness, and seem to be equally 
possessed of the highest degiee of elasticity; 
and this repellent property is not apparently 
destroyed, even when they ait combined with 
other mattas, a similar power being possessed, 
in such instances, by the compound. In con- 
sequence of tlie above-mentioned property, and 
their sti-ong affinitj' for bodies in general, they 
are never found in an isolated or. free state. 
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LIGHT, HEAT, AND ElECTRICITY. 3 

and cannot therefore be isubjected to exattiiha- 
tion. The pvoperties, therefore, of light, h6at, 
and electricity, can only be as<iieitained by th6 
change produced by them in thlsir unit^ti Witli 
other substances. The principal source of light 
and heat is known to be in the sun, and many 
think that he is also the gi'cat fountain of the 
electric fluid, and have gone so far as to impute 
the general effects of gravitation to this cause ; 
but it has not been determined by any direct 
fact, whether or not this opinion of the origin 
of electricity be correct. It in however kiidwn, 
that electricity abounds in the earth and in thfe 
atmosphere^ and, in short, iti every sort of hiat- 
ter in which iigrht and heat are likewise found to 
exist : there are even instances where they havi^ 
all been elicited from the same body by the op(&- 
ration of the satne c^Uise, as iii processes whfer^ 
much friction is employed, in combustion, &c. 
Electricity is ekcited in some matters^ by expo- 
sing them to a higher temperature ; and heat is 
perhaps prodiwred in 6very el^ctricdl experiihent. 
From these circumstances, the opinion of their 
identity has b^en considered as by no meah^ 
incorrect. Light is sllmost always discerned 
in explosions of the- electric fluid; Jtnd When 
this fluid is passed cfver two glass plates, in- 
cluding an intervening thin piece of metal, by 
means bf a poUTrful apparatus, the primitive 
rays of light may be impresse'd lipOn them, ill 
tjie same order as M^ien analysi^d by the priMl. 
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4 OF LIGHT- 

Having premised tliese general remarks on 
the nature of light, heat, and the electrical 
fluid, we shall now add a few observations on 
the properties of each of them individually. 



SECT. I. 

OF LIGHT. 

It has been already observed, that the sun is 
the principal source of light, and that it is emit- 
ted by his rays to the surroundhig planets : its 
motion is always in a direct line ; and it is found 
by calculation to reach the surface of the earth 
in the space of about eight miiiutes, being at 
tlie rate of nearly 200,000 miles in a second : 
the direction and velocity of light is the same 
from every luminous body. Light possesses 
J)roperties which sufficiently distinguish it from 
all other matters. Owing to the peculiar nature 
or disposition of the particles of certain bodies, 
the rays of light are allowed to pass through 
them unimpaired, and these bodies are thence 
denominated transparent : this property is en- 
joyed in the highest degree by the atmo- 
fiphere, and other permanently elastic fluids, 
or gasses. In passing through any substance, 
the rays of light keep always in a straight 
line; but on leaving one medium; and en- 
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tering another dissimilar in density, they aie 
|iroportionally bent from tlieir course, antl 
are then said to be refracted. The refracting^ 
power of bodies generally corresponds with 
their density ; with tlic exception of combusti- 
ble matters, in which it is always greater. 
Thus, when thesolar rays enter our atmosphere, 
they take a course different from their previous 
diR'ction ; and the degree of refraction varies 
according to the different degrees of density 
in its several strata. It has been likewise sup- 
posed, that the refraction of the luminous rays 
is increased in proportion to the quantity of 
iutlammable matter the atmosphere contains. 
But, notwithstanding these circumstances, it . 
does not appear that the direction of the lu- 
minous rays varies much from their point of in- 
cidence in passing througli the atmosphere. 
The refraction of the sun's rays must be greatest 
in the stratum of air next the earth's surface, 
it being there denser and more impregnated 
with foreign matters, M'hicli are the sole causes 
of the refiaction of the sun's rays in passing 
through this medium. Their refraction through 
this region has been supposed^ by Sir Isaac 
Kcwton to be nearly equal to that which takes 
place in their course through the whole atmo- 
spherical column, containing strata of different, 
degrees of density ; their aberration iu passing 
through a dense air being corrected occasionally 
by their transmission tliiough a stratum more 
A 3 
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rare. The rays of light are likewise capable c 
being rcflecteil frojii bodies; and tlie angle o^l 
reflection is always equal to tlie angle of inci-il 
dence. A ray is said to be perfectly rctlectedj, I 
when the wlw>k of it is again tlu:owii out, eU 
ther as it struck the surface of any substance^! 
or with but little vaiiation. The rays of lighf-1 
are also occasionally inflected towards certain^ 
matters : this property depends considerably on 
the position of the bodies which are exposed to 
the rays of light, as well as to the affinity ex- 
isting between the bodies ajul tl;e luminous 
^^ rays ; and from this cause they ai-e foimd m 

^^H Konie histances to he defected from matters. 

^^H The rays ol' tight can be also entirely stopped in 

^^H their course by the intervention of a substance 

^^^1 which has tlie pioperty of absorbing tliem ; and 

^^r matters having tins property are tlience called 

f opaque. The volume of a quantity of the lu- 

L minous rays may be concentrated or diminish- 

^^^1 cd ; and ui like maJiaer they aie capable of be- 

^^^1 ing diffused over a larger space than the looni 

^^^1 which tliey naturally occupy. 

^^^P These properties of light, together with the 

^^^1 |>ower it possesses of passing through a vacuum, 

^^^1 distinctly prove the uiateriality of this fluid. 

^^^H Notwithstanding these circumstances, an opi- 

^^^1 nion respecting its nature prevailed till the dis- 

^^H coveries of Sii* Isaac Newton, by which the 

^^H phenomena of light were imputed to certain 

^^H vibrations of a pecuHar highlv elastic tUiid, per- 
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vading all space ; but since the period wlien 
the expevtments of tliis cclfbrated pliilosopliev 
were made known, the distinct identity of light 
has been generally admitted. Tl>e reflection ot* 
the particles of this fluid from the ftirfaces of 
bodies, causes the sensation of vision. The ex- 
treme tenuity of the hmiinous particles, their 
strong repellent power, ami tlieir attraction for 
other matters, render it impossible to ascertain 
their specific gravity : this is probably beyond 
the comprehension of the human mind. On 
considering the amazing velocity of the rays of 
light, and their continued emanation from the 
sun, one would suppose, that were they possc-is- 
cd of gravity in a very slight degree only, 
matters against which they might hap]>en to 
strike woidd be shivered by their impinging 
force. We have some idea of the tenuity of 
the particles of light, by admitting its rays 
through a Iwle pricked in a card by a needle, 
this being found af sufficient size to transmit, 
without confusion, all the luminous rays pass- 
ing from the objects on the opposite side. Tlieh' ' 
minuteness is further shown, by the great dis- 
^dnce at wliich rays emanating from a very 
small luminous object can be jierceivcd, and 
by the immense space such bodies can illu- 
mine. There is a curious effect of light, pro- 
bably first taken notice of by Uacon, that a 
chamber, or any other given space, illuminated 
by the emission of ravs from a burning body, 
A4 
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does not acquire a greater degree of iliuoiina- 
tion, however long the rays continue to be 
communicated to it ; in tliis 'hght diiFera from 
heat and electricity. 

It has been ascertained by Sir Isaac Newton, 
that every ray, as it darts from the sun, is a com- 
pound of several others, which have uniformly 
distinct colours, differing individually from the 
original compound ray ; and these simple or pri- 
mitive rays are always seven in number. This 
fact is most easily demonstrated, by a tri- 
angi^Jar glass instrument called a prism ; and 
the representation of the coloured rays is call- 
ed a spectrum or image. When the com- 
pound ray is analysed in this manner, the sim- 
ple rays always hold their places in the follow- 
ing order : red, orange, yellow, green, blue, 
indigo, and violet. The primitive rays are re- 
frangible, in like manner as the compound rays, 
although in this respect they differ from each 
other; and they also possess tlie properties of 
reflection and inflection, with the exception, 
that these properties decrease according to the 
order enumerated ; the red being possessed in a 
less degiee of refi"angibility, reflection, and in- 
flection, the violet having tliese properties in 
the greatest degree; and it is in consequence of 
the difi^crcnce of their rcfrangibility, that tliey 
are capable of being separated by means of 
the prism. 

But Prieur, in the Annales de Chimic fgr. 



September 1806, adduces some experiments, - 
from which he concludes, that the system oft \ 
the cploured rays is reduced to three, of a par-- 
ticular unknown nature, being red, green, and 
violet. In combination, two of these produce 
tlie other coloured rays: thus red and greeil; 
form yellow ; the green and violet gencratBf'l 
blue; the violet and red produce purple; tho'- 
tliree together produce white ; and the inter- 
mediate shades of colour originate in conse- 
quence of the proportionate quantity of either- 
of these simple rays in the compound ray. Itf I 
is to be observed, that this opinion seems toi-l 
meet with confirmation, by what takes place ial T 
dyeing processes, and other attempts to produccMl 
what is called the compound colours, ; 
ange, yellow, blue, indigo; these being like^ 
wise found to appear in the prism, intermedia 
to those which Prieur considers as the priniar] 
or simple rays. 

Light, whether in the compoimd or simp, 
rays, shows an affinity to some matters in pre- 
ference to others, and enters into chemical n 
with them ; in this way the varieties of cw 
lour are produced. It is confirmed by the e 
periments of Ilerschel, that the simple rays ■ 
not possess an equal power of illuminating 1: 
(lies, the rays in the middle of the spectrum I 
ing most powerful in this respect ; and those 
matters are most luminous, which reflect the 
whole, or greatest number of primitive rays. 
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Tlie transparency of bodies has been already 
taken notice of, and is evidently owing to the 
free transmission of light through tlie interstices 
(if their particles, the degree of aJfinity between 
them and the cf)nipound luminous rays being in- 
snfficieiit to cause their decomposition. Some 
matters absorb the whole of the hmiinous ray,' 
reflecting none of the simple rays, ami in this; 
manner produce the sensation of darUness or? 
Mack ; other bodies absorb all tlie primitives^ 
ravs luit one, which is retlected, and thus givei 
tiic jjeciiliar colour, as red, green, viokt, ao'] 
cording to tlie colour of the ray which is re< 
ileeted. 

AVhcu light is strongly attracted by certain ' 
I)odies, and enters into their composition, chan- 
ges are thereby prochiced in tlteir qualities, while, 
at the same time, the distinct properties of light 
disappear : in this way some of the acids are de-' 
composed, and likewise the oxides of several of 
the metals. This change is occasioned by ha- 
ving a quantity of the oxygen gas extricated 
from them ; lliis gas being usually separated 
from matters containing it wlien these combine^ 
with light. On the other liand, light is gene- 
rally emitted when the substances with whichi 
it is combined unite with oxygen gas ; but Fon- 
tana, by exi>eriments, met with a different 
f-ult, in the excretions of plants when exposed 
to artificial light : he says, that however bright 
or considerable the tlanic may be. it disengages 
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from plants, a xxuephitic or phlogisticated aar ; 
aad tlmt caloric, tVoiu whateveir source it ariiyes, 
produces the saii^e efieqt. By the discoveries -of 
Doctom Bitter and Woolaston, it has. been 
fiofl^nd, that rays, beyond the violet possess the 
de-oxidating power in. the highest degree ; aiid 
it decceases gradually through the spectrum to- 
wards the red ; and^ in short, all the chemicsdl 
efiSscts of light, in the most remarkable manner^ 
a,rise in coiosequence of their impulse : they are, 
from this circumstance, named chemical i-ays. 
Light is supposed to excite the evolution of 
oxygen from growing plants ; and it is also 
considered to be the chief cause of the pecu- 
liar green colour of their leaves. Its effects 
on animals are not less remarkable, it being a 
&timnlus serving the most essential purposes in 
the healthy performance of. their functions. 

Ligli;t combines, with some matters on being 
exposed to the sun's rays, in which it does not 
seem to occasion any alteraticm of their proper^ 
tie& ; and it i& again emitted by tl^se mattera 
when carried into tlie daik : such substancea 
are. called Py ropheri* The light thus given out 
is generaUy similar to* that to which the body- 
has. Ije^ii previously exposed ; though, from 
some late.experiments, it has been found,, that 
thisi does not always follow, the ray emitted 
being different from that which had thus com- 
bined with it. It would appear, from the more 
vivid colours of solid, matters, tliat light u- 
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nites with them in greater: proportion, and in 
preference to such as are in a liquid or fluid 
state. Dt Darwin says, he has repeatedly ob- 
served, that the light of tlie evening is much 
greater than the light of the morning, at the 
same distance from noon : this, he supposes, is 
owing to the phosphorescent quality of almost 
all bodies, in a greater or less degree, which 
thus absorb light during the sunshine, and con- 
tinue to emit it again for some time afterwards, 
though not in such quantity as to produce ap- 
parent scintillations. — See Note to Canto 11. 
Liyves of the Plants. 

The sources of light are principally in the 
sun, matters in a state of combustion, animal 
substances in a peculiar state, decayed wood, 
pyrophori, and, according to Richard, light is 
frequentl}'^ emitted from the surfaces of animals 
when overheated by coursing, as horses, harefe, 
&c. The accumulation of heat in certain bodies- 
is likewise productive of the same phenomenon :. 
Light constitutes the brilliancy of the electric 
flash, and it is evolved by certain insects both 
terrestrial and aquatic. To enumerate all the 
sources of light would involve a very extensive 
investigation, as it enters into the composition 
of perhaps every substance : its appearance 
must therefore generally take place when a 
change occurs in their properties. 

Many experiments have been performed, 
.in order to ascertain the cause of the em is- 
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3ion of light by animal and vegetable mat- 
ters. Mr Boyle found, that rotten wood did not 
shine within the exhausted receiver of an air- 
pump, though it readily became luminous when 
the communication with the atmosphere # was 
free. The same ingenious philosopher found, that 
dead fish, while in a similar state, did impreg^ 
nate sea- water, salt and water, and some other 
liquids, with this luminous appearance; but that 
this property completely disappeared as soon a» 
putridity had commenced. From these experi- 
ments, it seems probable, that the luminous ap- 
pearance which is sometimes perceived in the 
water of the ocean may be frequently owing to 
a quantity of this matter being diffused through 
it, and not always to the existence of ceitaiix 
insects, as asserted by many of the acade^licians 
of Bologna. 

The investigation of this subject has been re* 
cently resumed by Dr Hulme, and his experi- 
ments tend to corroborate the opinion just 
stated. Considering that the luminous appear- 
ance of these matters is destroyed by their be- 
ing excluded from the access of the air, and al- 
so by immersion in certain liquors, as spirit of 
wine, diluted acids, alkaline solutions, and so- 
lutions of fixed air, &c. ; it has been supposed, 
that the light thus emitted, appears in conse- 
quence of a certain degree of decomposition in 
the luminous substances themselves ; but a com- 
plete elucidation of this matter has not been yet 
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obtained. An explanation of the other 9ourcft§ 
of hght will be occasionally mentioned after- 
Avardfi, so far as they are connected with the 
subject of our investigation. 

Light is regarded as one of the causes of 
heat; and as in other respects l^eat is intimate- 
ly connected with this matter, we shall proceed 
to tieat of its properties. 



SECT. IL 

O F H E A T. 

Heat, or Caloric^ as it is now more general- 
ly denominated in philosophical writings, was 
long considered to be merely the effect of a pe* 
culiar vibratory motion in the minute particles of 
matter, though it had alwaj^ been observed, that 
many phenomena depending on its influence, 
could not be explained on such an hypothesis. 
The late experiments of Herschel have confirm-^ 
ed a different opinion respecting the nature of 
heat, which is now generally adopted by the 
learned in every country. Herschel observed, 
in the course of performing some experiments 
on light, that the rays of the sun which produce 
colour, are always accompanied by others which 
have not this power : and he ascertained, that 
thiese have a much greater influence in exciting 
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heat, than the visible rays. By this discovery 
it is found, that the solar rays are composed of 
rays, which, being capable of exciting the sensa- 
tion of vision, are called luminous or coloured 
rays, and of others, which, having the property 
of raising the temperature of matters, are deno- 
minated calorific rays : the power of the latter 
is always greatest in the spectrum, at a small 
space beyond tlie red ray. Dr Herschel could 
not discover calorific rays beyond the violet, 
though that ray is also capable of producing a 
slight degree of heat, the force of which gradu- 
ally increases towards the red. These, together 
with the chemical rays above mentioned, con- 
stitute the compound solar rays. 

It lias been found, that when the rays of the 
moon are concentrated by means of the most 
powerful lens, and thus thrown upon the bulb 
of a very delicate thermometer, no increase of 
caloric is thereby manifested : on the contrary, 
Richard affirms, that it produced a strong sensa- 
tion of cold. A plate of glass allows the light to 
. pass through it, while, at the same time, it stops 
the calorific rays, till the glass becomes heated 
or saturated with caloric to a certain degree. 
This fact was originally discovered by the late 
Professor Robison, and, connected with those 
ascertained by Dr Herschel, strongly militates 
against the supposed identity of heat and light, 
Fontana had likewise found, so long ago as the 
year 1781) that "la flamme passe dans I'instant 
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it travels le ciystal, comiue la lumiL-re (solaire); 
niais elle nV'cliaiiffe que ties tard !es corps places 
flcrni^re le crystal ;"'— a tact which had been 
likewise reniarkerl by Sennebier, It has been 
mentioned, that heat arises fioni sources which 
also give origin to light ; it obeys similar laws 
of retraction, reflection, &;c. ; it moves at the 
same rate of velocity' ; and, like light, it is emit- 
ted from bodies in direct rays, and it does not 
increase the gravity of matters witli wliich it 
combines, even when accumulated in them in 
the greatest possible quantity. But although, 
in many respects, it has a very considerable af- 
finity to light, and arises from similar sources, 
it is equally well ascertained, that caloric has 
properties peculiar to itself, and that it is elicit- 
ed in various chemical processes, wheie the 
slightest appearance of liglit has not been detect- 
ed : it is, tiievefore, on the opinion of its identi- 
ty as a peculiar matter, that we sliali continue 
our observations respecting its effects. 

Heat and cold are only relative tenns, as ap- 
plied to our own feelings, and sigruty different 
quantities of caloric existing in various mat- 
ters, as indicated by our sensation. At a pe- 
riod not very remote, philosophers were ac- 
customed to define cold, as a matter oppo- . 
site in its quahties to those of heat ; it was 
supposed to consist of what they denominated 
frigorific particles, which, in their combination 
with other matters, occasioned all the appear- 
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anoes that accompany matters at a low tempc-t 
rature. Tliis hypothesis, although unsupported 
by facts, was most tenaciously defended by men. 
of the grciatest talents ; and it even continued 
in vo^ue, till the discoveries of the effects of 
heat by Dr Black, towards the end of tlie last 
century ; but, in proportion as tlie knowledge 
of the theory of heat, promulgated by that ce- 
lebrated philosopher, became diffused, the sup- 
position of cold existing as a pecuUar nmtter 
has been given up. 

Caloric, like every otlier matter, differs in. 
its degree of affinity for other bodies ; and 
thougli it has a tendency to come to an equili- 
brium, when bodies differing in qualities are 
exposed to its, influence, it is perceived that 
these do not Rrnve at the same degree of tem- 
perature within tlie same period. Caloric readi* 
ly enters some bodies, and combines with them, 
by which their temperature is increased, and 
their properties frequently changed ; it is trans- 
mitted through otliers without increasing their 
temperature, in a degree coiTCsponding to the 
intensity of tlie lieat to whicli they are ex^ 
posed. This difference of affinity has given 
rise to the division of matters into such as 
transmit, and such as conduct this fluid. 

It appears, tliat with very few exceptions, 
the more dense the body, so much stronger is 
its powers of conducting heat. Tliis proj^ity 
is considerablv diminished in those which arc 
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rare: thii4 the metals are found to be well 
adapted for ; conducting caloric, while liquids, 
and . aeriform bodies, have this property in so 
slight a degree, that within these few years it 
was even deniied they possess it. Matters which 
do not readily suffer any alteration in their com- 
ponent parts by a considerable increase of ca- 
loric,, and whose volume is* not greatly increa- 
sed by its accumulation, are found to be excel-* 
lent conductors ; on the contrary, such matters 
as have their bulk easily affected by even slight 
additions- of heat, or whose component parts 
are readily altered by combining with it, pos- 
sess this power in a very low degree. But it 
has been ascertained by some late experiments 
of several ingenious chemists, that liquids, and 
even gaseous bodies, have a power of conducting 
caloric, though tardily. Caloric is transmitted 
through transparent bodies in a manner similar to 
that by which the luminous rays are allowed to 
pass throug-h them j and it is not improbable, 
that the aptitude of bodies for transmitting ca- 
loric, increases in proportion to their want of 
power for conducting that fluid. For example, 
the atmosphere is a medium through which ca- 
loric is readily transmitted, although its con- 
ducting power be very low. 

When caloric is accuriiulated in bodies, their 
bulk becomes thereby enlarged : thus a piece of 
irony by being heated, has its dimensions in- 
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OTcased greatly beyond its size, when at a mo- 
derate temperature. This eiFect of heat is 
gi-eater in proportion to the rarity of the body : 
thus, it is found, that a degree of heat which is 
incapable of affecting the bulk of solid, or even 
liquid bodies, is sufficient to augment the vo- 
lume of a portion of air in a very considerable 
degree* This circumstance is easily demonstra- 
ted, by holding to the fire a bladder that is 
lax, and containing but a small portion of 
air : in the course of a few seconds it becomes 
perfectly tense and elastic ; and the expansion 
of the air within it may be so increased, eveil 
with a veiy moderate degree of heat, as to 
cause it to burst* The action of heat upon clay 
has been considered a& an exception to this ge- 
neral effect, as it is observed to shrink in high 
degrees of temperature. Some have imagined 
that this anomaly is merely apparent ; that it is 
to be explained by the great degree of attrac- 
tion that subsists bet>veen that earth and wa- 
ter ; and that the contraction of its dimensions 
at a great heat, is in consequence of the evapo- 
ration of water, with which it had been previ- 
ously combined ; while others, with seemingly 
better reason, have supposed it is owing to a 
certain degree of alteration in the minute par- 
ticles of the body, i But whatever may be the 
cause of this appearance, it has been applied 
to a most useful purpose in the arts, the late Mr 
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Wedgwood Iiaving contrived, in consequence of 
this property of clay, an instrument he calls a 
Pyrometer, as it enables us to ascertain de- 
grees of heat of the greatest intensity, which 
could not be determined by any other means. 
When caloric is extracted from any sub- 
stance, it contracts in bulk, and becomes 
heavier in proportion to its size: this effect 
is hkewise more evident in fluid than in solid 
matters. Water is an exception to this rule : 
it has been found to expand when cooled 
l^elow 40^ degrees of Fahrenheit's thermome- 
ter; and its expansion continues to increase, 
till its temperature descends nearly to what is 
called the freezing point. From this eflfect of 
caloric on matters in general, the principles on 
which the thermometer is constructed are de- 
duced. Before we proceed to mention any 
other effect which the matter of heat is ca- 
pable of producing, it will be necessary to 
premise a general description of this instru- 
ment. For a lustory of the invention of 
the theimometer, and, for an account of the 
various instruments of this kind now in use, 
we must refer to the works of Pere Cotte, of 
De Luc, and to the various systematic works 
on chemistry. The thermometer derives its 
name from its application in measuring dif- 
ferent degrees of heat in bodies : it consists of 
a glass tube, of an equal caliber throughout. 



fcne of its ends being tbrmed into a hollow 1 
tlic Irdli, aiitl about onf-fourth of the tube, b& 
ing tilled witli quicksilver ; it is then to be cjc.-4 
posed to a degree of heat sulViciciit tu expel thq ] 
air from the upper part (»f tlie tube ; its open* 
extremity is then to be hermetically scaled j 
in this manner tiie instrument contains oiil; 
<|uick silver, which occupies but a small portitM 
of the tube. Quicksilver is generally preferred* 
in the fonnation of the thermometer, on aw (J 
count of its great susceptibility of tlie general* 
effects of caloric already mentioned, and bciugfl 
unalterable when exposed to considerable vai 
tious of temperature. 

Tlie instrunient thus formed, is usually fittei 
to a scale on which the various degrees of tem*^ 
(lerature are marked ; and these are deteniiineilJI 
in the following manner ; the bulb of the tube,ll 
being dipt into \i'ater while freezing, and allow»J 
ed tu remain till the quicksilver it contains bev i 
conies stationary, a mark corresponding to itai 
height is made on the scale ; and this point, in ( 
I'ahrenlieit's themion^ter, is 32°, or the dcgi'ce'J 
at which water always freezes. The ball of the i 
tbennometer is next to be plunged into boiling'] 
water, and a similar mark is again made on t 
scale, opposite to the point at which tiietjuick? 
silver stands In the tube ; this is numbered 2 1 3 
or the heat of boiling water. The intcrniediHtc^ 
space is divided into 180 equal parts: the por»» 
tion of the tube below SG", is also divided into 
B ;] 
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32 equal degiees, the undermost being marked 
0^ or zero ; and the poi'tion? of the tube above 
212® may be divided into any number of equal 
parts, but corresponding to^ the other divisions 
on the scale. jThe reasom ^hy the freezing and 
boiling heat of water are preferred for tfce pur-t 
pcxse of formi|ig the fixed' points on the scate of 
the thermometer, is on account of the uniformif 
iy of theoccumence of these changes,- whenever 
water has^ been deprived of, or has acquired, 
a certain proportion pf caloric, 'There are 
thenAometcrs fonned of vaiious liquids ; as of 
coloured' spirit of wine, linseed oil, and even 
air : these are generally graduated according to 
the fancy of the inventors, or the uses for which 
they are intended. The instmment of diis kind 
most generally in use in Britain, is the one iuy 
vented by Fahrenheit, which we have just de^ 
scribed, and it is perhaps superior to most of the 
others, from the accuracy of its fixed points. 
Several other thermometers are formed on similar 
principles, and only differ in the division of the 
space between the two fixed points. One of 
these most generally in use, is that by Reaumur j 
the lowest point beiiig marked zero'; the highest^ 
or that of boiling water, being 80^ There is 
another instrument of this kind, which is most 
frequently employed by^ the French chemists, 
and is called the Centigrade thermometer : the 
number of degrees into which the space between 
tlie highest and lowest points is equally divir 
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ded, being 100 ; and- on account of the equality 
of the numbers into wlxich the space between 
the fixed points i$ divided, it seems the most 
convienient form of the instrument, i •.. . 

• Matters caxx neither be made to pccobine with 
caloric, nor can they be deprived of it ibeyond a 
certain degree, without jsufiering a .considerahlp 
alteration in their igeneral properties^ ; Heat en- 
tirely idecomposes some, while its. comd^jnation 
with others pix^dujces a complete change of form, 
witliout. separating their component [Principles. 
Thus, . when water uni^^s with caloric even till 
its temperature is raised fo 200°, it /still retaiilS 
its common liquid. form. j ,but when the heait is 
accumulated till its temperature arrives at 212^* 
it then boils : an appearance, which is caused by 
a quantity of the liquid flying off in the form 
of vapour. Again, if water be cooled down 
till its temperature sinks so low as .32°, it-then 
loses its liquid form, and is conveicted ifito. a 
solid. It is to be observed, that a similar 
ehafagc : tajtes L place in every liquid^ in. conse- 
quence of the variations of; temperature, though 
different liquids require different quantities of 
caloric to ^ect similar changes in their.fortn. 
' lieat has a similar: influence on sqlid bodies, 
rendering them fluid : thu«, wa:?(, and ipctals, 
exposed to proportionate degrees of heat, melt 
or become liquid, and resume their, natural ^tate 
on losing this quantity of caloric. In this way, 
caloric is understood to be the cause 0f fluidity 
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in ail bodies ; and the permanent state of the - 
aciiform fluids, is likewise imputed to their inti- 
mate combination with it. 'fhat varioua bodicp 
usually appear in certain forms, citlicr soliti, li- 
quid, or tiuid, even whtn presented to the same 
degree of heat, i* explained by tlie difltrent ca- 
pftcitiej of dift'crent matters foi- caloric, and like- 
wise by the greater or less intimate attraction 
between this fluid and tlieiv principles. Thus, a 
degree of heat which would liardiy be sensibly 
indicated, when combined in a piece of iron, is 
fotind sufficient to melt an equal bulk of wax. 
AVater requires a temperature equal to Sig" to 
convert it into steam, while ether becomes aeri- 
form at the common tem])erature of the atmor 
sphere in summer, and can only be retained in 
its liquid state by the force at" pressure. This 
general effect ot" caloric, is of the highest inu 
portaOce in elucidating the theory of many 
chemical processes. The cause why changc-s 
occur in the condition of bodies, by combiuT 
ing with certain quantities of heat, has been 
supposed by Dr Inine to arise in conse< 
quence of a change of capacity for heat iu tlie 
lK>dy acted upon, occasioned by the repellent 
power of the particles of calpric being sufficient 
to overcome the force of cohesion between tlie 
intimate particles of the body itselt^ or its atH- 
nity of aggregation. This theory agrees with 
what is known of the general properties of ca- 
Imic, and docs not materially dittcr from the 
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theory of fluidity proposed .by Dr Black,- 
theoiy tefttablished on the result of the most in-^ 
genious and accurate experimehts, and repeated- 
Iv confirmed by more recent observation. 

Water is. known to exist in three different 
states; Boiiid, liquid^ and aeriform ; or, in com« 
moa tcrms^ ice, water, and steam or vapouir. 
These states of this liquid differ from each other 
ht consequence of their combination with differ* 
ent proportioiw of caloric. Thus, ice becomes 
water b^ the addition of beat, ^nd vapour is 
ponverted into the liquid form, by being de- 
prived of a quantity of tliat fluid. Ice, while 
It diaws, and until it be completely melted, 
never reaches an higher temperature than the 
freezing point, although the quantity of heat 
communicated to it may be sufficient to raise 
an equal weight of water to the boiling tempe- 
rature : as this quantity of heat is not indicated 
by the thermometer, or in any other manner, it 
becomes a most i^iterestihg subject of investiga- 
tion, in order to ascertain the manner how this 
quantity of caloric disappears on combining with 
the ice. Dr Black denominates, this quantity 
of heat, " latent," because it cannot be detect- 
ed by the tliermometer, and as its effects are 
. only visible in the changes produced by its union 
>vith the ice. There is not perhaps two bodies 
in nature who have the same capacity for calo- 
ric : the capacity pf ice being less than thiat 
of water^ ; When heat is . accumulated in the 
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fonner beyoiid SfS^ it^ capacity f begins to in- 
cx^a3e, and it therefore melts;: the. liquid *which 
iS/Jtims fotmed, having its capsK^ity increased^ 
gradually absorbs ;the vcaloric, as it ascommunl- 
cated ;to the. ice,' which onlyunitea with Ahe 
quantity necessary to cause a change in its form. 
It; is desirable ta aiscertain the, precise point at 
%v:luch bodies cliangej their form : . ^this was first 
deleniiined by Dr Black, iu^the .caseof water, 
and serves as the basis of his idiscDveries on the 
effects t)f heat. To a pound of. ice aii 82® he addl- 
ed an equjjl wcigltt of water Jieated to 172**; 
the ice was thereby nieltedj but the. tempera- 
ture of the mixtui'e did not riae above the fiee- 
zingr point, consequently 140° of caloric had dis- 
appeared^ : This determines the :diflference of 
the capacity of water to be: to that of ice as 
•14:(f to \^, which is also called its heat of flui- 
dity. ; and it is in corise(|uenceof this difference 
of capacity, between ice and water, that imme- 
diately before a fall of sn'ow, and also during its 
fall, the temperature of the air generally becomes 
milder, the watery vapour existing in the. atmo^- 
sj^iere, giving out, as it freezes, the necessary 
proportion of caloric witK which it was united 
in . tli^t state. And by the same theory it i is 
likevvlse explained, , why the air feels muchc<>ld- 
t*r when the fix)st op the s.urfcicc begins to thaw ; 
the melting ice tliereby absorbing a quantity of 
caloric frorii the atmosphere anxl other ijjatters, 
in conse(iuence of its. increase of capacity. 
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~ Water heated to 2 1 2** boih. This occurrence, 
it has been already observed, is occasioned by a 
part of it being gradually converted into steam 
or vapour, which rising through the water,' cau- 
ses^ the peculiar bubbling appearance as it mixes 
with the atmosphere, and which characterizes 
this prbtess. Steam is equally transparent, and 
is possessed of greater elasticity than the atmb* 
sphere^ at the same degree of temperature. It 
is capable of being united to indefinite propor- 
tions of caloric, without suffering any change 
in its constituent principles; though water,, 
when exposed' to the air, never acquires a high- 
er temperaturie after having reached the boiling 
heat ; nevertheless, when its- communication 
witb:the air is carefully precluded, and a con- 
sidetable pressure is at the same time applied, as 
in Papin's digester, it may be tlien heated till 
its temperature rises to 400® ; but on allowing 
a communication with the air, its temperature 
immediately sinks to 21 2^ a considerable quan- 
tity of Avater, in the form of vapour, making itoi 
escape at tlie opening. By calculating the quaur 
tity of caloric that thus suddenly disappears 
with the water that goes off^ in vapour, and com-f 
paring it with the quantity and temperatui-e of 
the Avater which remains at 212^ it has been 
found, that 940® of Fahrenheit are necessary to 
give water the condition of stearh : this quanti- 
ty of heat not being sensibly indicated in the 
vapour, shows theproportion of latent or specific 
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heat it contains. On this theor)% a satisfactory 
explanation is afforded of all the circumstances 
connectrd with the conversion of water into 
steam. During evaporation, there is always felt 
a degree of cold, in consequetice of the absorp*^ 
tion of heat from surrounding bodies, sufficient 
to give the water the form of vapour. On this 
prijociple liquors aire cooled during great heats^. 
l>y exposing them to the sun's rays, or a current 
of a^ : the vessels in which they 'are contained 
being kept constantly moist on die outside, the 
Innnidity, in being convated into vapour, ex- 
tracts a necessary proportion of ' caloric frotn 
the liquor exposed to this operation. In this 
way, weak liquors can be frozen even within 
the torrid zone. It is owing to the absorptioii 
of caloric by the greater capacity of steanfi, that 
water, when it has acquired th6 temperature of 
212**, never rises' higher than this degree: any 
additional quantity of caloric it receives cbm- 
bines with the water, causing a greater propor- 
tion of it to be evolved. The correctness of this 
theory is likewise confirmed by what takes 
place in several manufacturing processes; the 
vapour being converted into the liquid state, 
while the caloric with which it had been united 
is set free : thus, in distillation, a process which 
is performed by putting matters diluted with 
water, from which any particular liquor is to 
be extracted by means of heat, into a vessel 
of a certain shape, called a still, having a cover 
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SO closely fitted, that no vapour can issue by the? 
joinings : from this cover tliere is extended a 
long tube of a spiral tbmi, called a worm-tube, 
which is immersed in a vessel filled with cold 
water, from thence called a refrigeratory : the 
spiral tube affords an outlet for the matters dis- 
tillecl ; and these always enter it in the fonn of 
steam, which is condensed as it passes through 
that part of tlie tube which is surroimded with 
the cold water, and is in thi« manner more con- 
veniently received in the liquid state at its ex- 
ternal opening ; but unless the water in the re- 
frigeratory be kept constantly cool, by occa- 
sionally renewing it, it would very speedily ac- 
quire a degree of heat equal to the contents of 
the still itself: this increase of temperature ari- 
ses from the caloric that had been combined 
with the vapour which has been condensed in 
the tube. In manufactories whpre great quan- 
tities of hot water are required, as in dyeing 
and bleaching, it has been found more ex- 
peditious and economical to convey steam into 
the vats, previously filled with cold water : be- 
ing there condensed, it quickly raises their con- 
tents to the necessary degree of temperature. 
To this theoiy, also, the explanation of many 
processes occurring in the atmosphere is to be 
referred, as the warm sultry weather frequently 
experienced before rain, the coolness of the air 
after it has fallen, and the effect of evaporation 
in modifying the temperature of the air in wann 
weather and in hot climates. 
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These are the general effects of caloric which 
seem necessary to be mentioned in this place. 
Any other remarks respecting its effects will be 
farther illustrated, when treating of the sources 
of itS/ origin. Besides being contained in the sun's 
raySj caloric is frequently produced in bodies iby 
combustion, friction and percussion, electricity; 
and the effects of mixture. It has been, long 
knoAvii, tliat tlie most intense degree of heat 
may be produced by concentrating .the vsmi^s 
rays. This was formerly imagined. to be thier 
consequence of the concentration of the lumir 
nous rays only ; but, since the discoveries of 
Herschel, it seenis probable, that this great de- 
gree of caloric may be owing principally to the 
power of the calorific rays themselv^es : othexr 
wise, this . experiment would afford a strong 
presumption of the identity of heat and light/; 
iis it is not readily perceived how the luminous 
rays alone should be a source of caloric, suppo- 
sing these to be distinct fluids. According to 
this opinion, it must either be admitted, tliat 
tlie affinity between heat and light is so strong 
that they are never separated in the solar rays ; 
or that caloric is elicited from bodies in propor- 
tion as these combine with the rays of light, 
and that this takes place in consequence of a. 
new arrangement in their ultimate particles. 
Perhaps the concentration of the sun's raj-s may 
produce heat in botli these ways. Its peculiar 
effects on matters in general prove it to be, a 
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fluid totally distinct from tliat of light, to which, 
however, it beari^ the strongest atlinity. 

As there is no condition of matter yet disco- 
vered which is entirely deprived of caloric, all 
bodies are therefore presumed to be combined 
with a portion of that fluid ; and from the doc- 
trine just stated, it will be readily perceived, 
that these are united with a greater or less pro- 
portion of it, according to the state in which 
they appear; solids having been uniformly found 
to contain least, liquids a greater proportion, and 
gaseous or aeriform bodies most of all. It like- 
wise follows as a consequence, that whatever 
alters the general properties of any substance 
must liave a corresponding tendency • to change 
its capacity for caloric : thus, some matters ac- 
quire a greater power of combining with caloric, 
by undergoing a chemical alteration in their 
principles, and thereby have the power of ab- 
sorbing heat from surrounding matters, accord- 
ing to the degree of alteration which takes 
place in them. Other substances, by a similar 
alteration, lose the degree of affinity for heat 
which they previously possessed ; and therefore, 
a change in their composition liberates a quan- 
tity of caloric with which they had been united 
in their entire state. This takes place whether 
the effect be simply a change of the natural con- 
dition of the body, as from a solid to a liquid 
state, or when it proceeds so far as to occasion 
an entire separation of its component principles. 
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It is in this way we are enabled to explain die 
source of the caloric extricated from burning 
?3odics ; a portioh of the atmosphere combining 
with the inflammable body, and assuming there- 
by another fonn, and, entering into other com-r 
binations, it suffers a corresponding change in 
its capacity for heat : therefore, in . every in* 
stance of combustion, a considerable rise of tern* 
perature is the consequence. But this subject 
will fall to be more fully attended to afterwards, 
when we come to treat of the chemical proper- 
ties of the atmosphere. 

Friction^ as well as percussion, are both con'' 
sidere€l as sources affording caloric. There is 
no circumstance better known than the possi- 
bility of liammering a piece of iron till it be- 
comes red-hot. The extrication of heat by 
tliese means probably dejSends on causes similar . 
to those we have stated under the head of com- 
bustion, and are owing to a condensation of tlie 
particles of the matter itself: thus, the specific 
gra\'ity of metals has been found increased by 
hammering ; it therefore follows, that a corre- 
sponding change in their capacity for heat must 
be the consequence. 

The rise of tenqx^rature in consequence of 
the mixture of substances, is likewise to be im- 
puted to a change of capacity in the compound ; 
it being less than the aggregate of tlie sepatate 
capacities of its c(>mj3onent paits. In this way, 
the heat emitted in many familiar operations 



OF HEAT. 33 

may be illustrated, as in the solution of saline 
matters, die slaking of lime, &c. The whole or 
the greatest portion of the heat given out in the 
latter operation is extricated from the water as 
it enters into union with the lime ; the quantity 
of caloric set free being the proportion necessary 
far retaining it in a state of fli^dity. Water 
having a greater affinity for lime than for its 
ealoric of fluidity, loses this portion of heat on 
being united with the latter ; and the capacity 
for heat in the dry pulverulent mass formed by 
the combination being also much less than the 
sum of the capacities of the water and the Ihne 
in their separate state, a proportionate quantity 
of calcHic is thereby set free. The same theory 
is applicable in explaining the evolution of ca* 
Iwic daring the mixture of sulphuric acid and 
water : the specific gravity of the mixture being 
greatet than the mean of the acid and water ta- 
ken separately, its capacity for caloric is accord- 
ingly less than the sum of each of their capaci- 
ties taken together ; and consequently, the rise 
of temperature is owing to a proportion of the 
caloric being set free that was previously retain- 
ed in these substances. 
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OF ELECTRICITY. 



Electricity resembles caloric in many of 
its properties, and. has its origin from several 
causes, as friction, combustion, liquefaction, co- 
agulation, evaporation, and in the hieating and 
cooling of bodies. It frequently increases tjie 
temperature of those substances through which 
it passes ; and it is capable of setting fire to 
very inflammable matters. In its action on 
other bodies, electricity sometimes shows the 
effect of an intense heat, without raising their 
temperatures. The electric fluid can be eUcited 
from a greak variety of bodies by friction. In 
some matters it is always more abundant than 
in others : these are therefore called electrics ; 
and the atmosphere is one of the most remarkr 
able of this class. There are some bodies through 
which the electric fluid is conducted with faci- 
lity, and others which do not possess this pro- 
perty : from thence, niatters are divided into 
two general classes, — perfect conductors, and 
imperfect or non-conductors : amongst this last 
class electrics of every kind are enumerated. There 
are also two states or conditions in which the 
electric fluid occasionally exists in matters: one 
of them is usually called pltcs, or positive, when 
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there is more of this fluid combined with a bo- 
dy than what it naturally contains ; and n body 
is said to be in a minus or negative state of elec- 
tricity, when a less quantity of this fluid exists 
in it than what constitutes its natural prapor- 
tion. Electrics, whether in a positive or nega- 
tive state, repel matters which are in a similar 
state of electricity ; but those negatively char- 
ged attract such as are in a positive state, and 
•vice versa. The union, in consequence of this 
attraction, produces a snapping noise, and a 
smart flash of light. Caloric has also the effect 
of changing the condition of electrics. Becca- 
ria found, that a great many substances became 
phosphorescent after being heated, and that e- 
lectricity produces in some degree a similar ef- 
fect. Electricity seldom changes its condition in 
bodies suddenly, witliout causing an extrication 
of light ; and, from experiments, Dr Priestley 
imagined it to be the cause of their transparency. 
The electrical fluid is emitted copiously by the 
earth in the process of evaporation ; but Dr 
Priestley did not find that this process was 
hastened by an accumulation of electricity in 
water set to evaporate. 

The proportion of electricity in the atmo- 
sphere during winter, appears at first sight to 
be much greater than what it contains during 
summer ; and it has been ascertained to be at 
all times more copious in elevated than in low 
situations, it being more abundant on the top 
C2 
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of the Alps than in the valley? ; but Mons. 
Saussure could not detect electricity under trees, 
in crowded streets, or within doors. This inge^ 
nious philosopher has rendered it extremely pro- 
bable, that the electric fluid fonns a component 
part of water ; and he very naturally suppose^ 
that by this source the atmosphere is supplied 
with this fluid during evaporation. Mr Canton 
has likewise shown, that air, freed of moisture 
and heated, contains electricity in a negatiye 
state ; that this fluid is positive in it when cool ; 
and that the air suffers variations in its quanti- 
ty of electricity, as it is condensed or expanded 
beyond its natural condition. Beccaria found, 
by experiments, that, during windy weather, 
the atmosphere gave ik) signs of electricity ; 
nor when the sky was very clear, nor when coj- 
vered with distinct black clouds that had a slow 
motion ; but he always perceived signs of a mo- 
derate state of electricity in the air, but inter- 
rupted, when the weather was moist and not ac- 
tually raining, and in a calm clear sky. In 
rainy weather without lightning, his apparatus 
was always electrified a little while befot^ the 
rain, and during its fall ; but it ceased to be af- 
fected a short time before the rain was over. 

The Abb6 Mazeas concludes, that in weather 
of equal dryness, the electrical state of the air 
is always the same ; and he could not discern 
any signs of electricity during moist weather. 
The electricity of the air is always strongest 
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during fogs ; also after rain, snow, or hail, im- 
mediately after sun-set, and in frosty, weather. 
M. Saussure has also observed, that just before 
sun-rise and sun-set, as also during night, elec- 
tricity could always be discovered in the air ; 
but he found it to be extremely irregular in 
stormy weather. The same philosopher has al- 
so ascertained, that this fluid is weaker in a se- 
rene summer, than during similar weather in 
winter: the electrical state of the air is then 
found to be always positive in the night, during 
the day, and when dew falls. From these ex- 
periments, and similar observations of Beccaiia, 
Cavallo, and others, it has been concluded, that 
the atmosphere possesses a positive state of elec- 
tricity almost at all times : however, Dr Pater- 
son observes, that, " from air itself, not the 
5malle;>t particle of electric matter ever comes ; 
for there is reason to think, that air, indepen- 
dent of tlie substances with which it is impreg- 
nated, is unable to furnish an atom of this mat- 
ter ; and it is conjectured, that pure air and elec- 
tricity are actually incapable of uniting." 

M. Achard, in the Berlin Memoirs, taking 
notice of the disposition of the air to shed dew, 
found, that this condition, as also a sudden 
overcasting of serene weather, was always mark- 
ed by variations in the electricity of the lower 
air. 

As heat increases, and cold diminishes the 
solvent power of air, it follows, tliat the quan- 
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tity of moisture remaining the same in 
cases, its non-conducting power of electricity 
in direct proportion to its heat. Vapour is 
conductor of electricity, and so much the moroj 
perfect, as it is hotter : moreover, it contain* 
and appropriates a considerable portion of the 
electric fluid ; and, according to the opinion of 
the ingenious Dr Kivwan, electricity most a-, 
bounds in the atmosphere when the temperature 
is highest : it is greatest in the vapour from land 
within the tropics, if not mountainous, than in 
that raised from the ocean. In temperate cli- 
mates, in summer, marine vapours contaih least ; 
but in winter they contain more than those rail 
sed from off land ; and in land, the vapours rai- 
sed from mountainous tracts contain less tlian 
those elevated from the low ground: 

It would appear, from these observations, anii' 
especially from the experiments of Saussure, 
that the electricity of the atmosphere suft'ers a 
diurnal variation. The cause of this is still un- 
known ; at the same time, there are spme cir- 
cu,v.stances which render it probable, that it 
likewise depends on the influence of the sun in 
causing the evaporation of water. Beccaria 
imagined, that an highly electrical state of the 
atmosphere had an effect to lower the mercury 
in the barometer ; and, according to the state- 
ment of Mr Maddison in the Philadelphia 
Transactions, a similar effect has been observed 
after the appearance of the aurora borealis, 
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meteor now generally believed to be electrical. 
The lightning, so frequently perceived in the 
atmosphere, has been ascertained by. Dr Frank- 
lin to be electrical : it follows the same affinity 
as electricity, and produces similar effects upon 
animals and vegetables. Lightning is most fre- 
quently the concomitant of tlmnder, though it 
likewise appears when no such stonn takes 
place. In still warm evenings, it is frequently 
seen gliding through the air : this appearance is 
most frequent in autumn, and has been supposed 
to be the principal cause of blig^it in grain : 
such weather is said to be favourable to the 
growth of fungi ; but with more certainty, it 
may be considered as the precursor of rain. 

Electrical explosions have a peculiar smell ; 
and the same sensation is perceived during the 
prevalence of lightning. Like electricity, it 
sets fire to straw, gunpowder, chari-ed wood, 
and, in short, to every inflammable matter. It 
is probably owing to the sudden expansion cau- 
sed by lightning in a portion of the air, that 
buildings of the greatest strength are thereby 
overthrown during thunder. 

Thunder is an electric meteor : it is most 
frequent during summer in temperate climates ; 
and in every latitude it is most frequent in that 
season when the greatest rains usually fall, and 
it prevails oftenest in countries where the rain 
is most copious. It likewise appears oftenest 
when the wind blows froili a point which brings 

C4 
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Jibe greatest quantities of rain : it theirfiwe 
rarely occurs in Britain when the wind ts nortii 
or easterly. In the vicinity of Rome the win- 
ter is mild ; and thunder is there common in 
all seasons. This meteor is by no meaus fre- 
quent in dry, parched ^fiiations, as in the de- 
serts of Arabia, L>bia, in Egypt, and some dis- 
tricts in South America, The appearance of 
thunder is supposed to be occasioned by diJ 
rent contiguous strata of the atmosphere beingf| 
at the same time diflcrently cliarged with the 
electric fluid. The intervention of a cloud, or a 
current of air, so as to form tlie junction of 
these strata, produces an equilibrium in their 
lectric condition, a circumstance wliich 
nounced by a previous flash of hghtning, im- 
mediately succeeded by a loud noise, protracted 
by successive peals : this noise is continued, 
and repeated in proportion to the mass of air 
■which thus tends to unite ; the flash of light, andil 
the succeeding report, are the circumstam 
which characterize this meteor. Some ha' 
supposed, that a portion of the vapour contain*' 
ed in the atmosphere, is decomposed during 
thunder, and that to this circumstance, the pe- 
culiar smell generally perceived in thundo: 
storms has been imputed. This opinion has noty 
however, been confirmed byexperience; though,'; 
considering that it is observed, that thunder 
most frequently occurs over situations where 
e\'apoi-ation is most copious, and that it is also 
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rarely experienced in places where that process 
goes on but sparingly, it seems probable, that 
the electric state of the atmosphere depends in 
a considerable degree on the quantity of vapour 
it contains. The dreadful effects that so fre- 
quently ensue in consequence of thunder, has 
not yet been accurately accounted for. For- 
merly these were supposed to have been occar 
sioned by a communication of electric fluid 
fiiom the earth to the atmosphere ; and in other 
mstasces the electricity was thought to have 
been impelled from the air to the earth ; but it 
does not seem probable, that either of these oc- 
currences are common ; nor has the action of 
electricity, in its destructive effects during 
thunder, been so satisfactorily explained, as by 
the theory proposed by Earl Stanhope. It has 
this to recommend it, that ii agrees better with 
conunon appearances in electrical experiments, 
than any other that has yet been advanced on 
the subject. On discharging a powerful elec- 
trical apparatus, there seems to be a direction 
of th^ electric fluid, called the returning stroke, 
as it appears in a directly opposite course, and 
immediately after the principal discharge ope- 
rates. By a judicious application of this fact 
to the appearances which occur during thun- 
der^ his Lordship has been thereby enabled to 
trace the course of the electric fluid, in instan- 
ces where it has proved fe.tal. 
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CHAP. 11. 

OF 
THE PHYSICAL PROPERTIES OF THE ATMOSPHERIC, 



SECT. I. 

OF THE COLOUR, FLUIDITY, DENSITY, AND 
ELASTICITY OF THE ATMOSPHERE, AND OF 
ACOUSTICS. 

The atmosphere, as it immediately surrounds 
tis, appears entirely colourless; but taking a 
more extensive view of the horizon, it is per- 
ceived of a peculiar blue tint, which it possesses 
always in fair weather, and which seems to 
deepen in shade the higher we ascend in it. 
An investigation of. the cause of this peculiar 
colour, has engaged the attention of several 
philosophers of celebrity. The opinion which 
Muschenbroeck has embraced respecting this 
question, continued long to prevail He ima- 
gined, according tp Otto Guerick and others, 
that it was owino^ to the combination of the lu- 
minous rays with a very deep shade existing 
behind the atmosphere, where the visible rays 
are neither refracted nor reflected. Yet the fa- 
vourers of this hypothesis have never been able 
to point out the situation of this space, nor 
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have they ever advanced any argument that 
isould render its existence even probable. Fabri 
supposes, that the colour of the atmosphere is 
occasioned by the reflection of the blue ray, by 
means of the foreign matters at all times float-r 
ing in it ; an opinion which is likewise ingeniw 
ously supported by Mr Delaval in the second 
volume of the Manchester Memoirs; but al^ 
though this theory is assumed from principles 
more philosophical than the former, still it is 
impossible to reconcile it with the observations 
of Saussure, who always perceived the colour 
of the air deeper on the summit of the Alps 
than in the valleys, although in the higher re- 
gions it is much drier, and more free of im- 
purities. But this fact militates irresistibly 
against the theory of Saussure himself regarding 
this question ; as he supposes the blue colour of 
the sky arises in consequence of the reflection 
of the blue ray from the aqueous vapour which 
at all times abounds in the atmosphere. And 
were either of these theories correct, it natural- 
ly follows, that the colour should be propor- 
tionally deeper in those strata of the air nearest 
the earth, and when the air is most loaded with 
vapour and extraneous fluids : but daily expe- 
rience shows us, that either of these conditions 
of it produces a contrary effect. When the va- 
pour of water exists in the atmosphere in an 
highly elastic state : its transparency and colour- 
Jess appearance is then most remarkable ; and 
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when the vapour is in a more dense form, as in 
clouds, the atmosphere is always proportionally 
obscured, and tl>e clouds themselves are percei- 
ved to assume occasionally different hues, as 
milk-white, red, purple, very dark blue, green, 
and even violet, according to their density and 
position with regard to the sun. 

The opinion of M. Mariotte on this question, 
next claims our attention. He shows, by experi- 
ment, that the atmosphere possesses a blue co* 
lour, independently of all foreign mattf^ ex- 
isting in it ; that it acquires this tint, by ha* 
%dng the property of reflecting theilue ray on* 
ly ; and that it does so. most powerfully when 
in its purest state. This theory has been sup- 
ported by the more recJent observations of Pro- 
fessor Eberhard of Berlin ; and it certainly ao 
cords better with general appearances than any 
of the others that have been suggested. 

From what has been already stated of the nature 
of colours, when treating of light, it will be rea- 
dily comprehended, that as the atmosphere, from 
its tenuit}% can only reflect a small proportion 
of the blue ray, its peculiar colour can be only 
discerned when the reflection is returned from 
an immense space, and from air in its purest 
condition. For these reasons, the atmosphere, 
as it immediately surrounds us, appears entirely 
divested of colour ; and when it happens to be 
loaded with a variety of extraneous matters, 
these always assume the tint of that ray to wliich 
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they have the slightest affinity. Air, much im- 
pregnated with elaJstic vapour, i^ even more 
transparent than common air ; that fluid being 
of still greater tenuity, it therefore reflects a 
smaller proportion of the coloured rays. It is 
probably owing to this cause, and to theconti- 
nual elevation of vapour from the earth's sur- 
face, that, during dry weather, objects can be 
discerned at a greater distance, and seem occa- 
sionally to suffer a variation in their usu^l ap- 
pearances. This theory seems likewise to receive 
confirmation, by finding that the atmosphere is 
always much darker in the reflected colour, 
when it blows from a point where it is most 
dense and freest of vapour, as during a north or 
east wind ; and , that it appears more transparent 
when blowing from a westerly point over Bri- 
tain. 

The atmosphere, in every condition, posses- 
ses an high degree of mobility: this property 
seems to be owing to the minuteness of its inti- 
mate particles, their interstitial distances, and 
to the degree of repulsion natural to them, in 
common with the rarer fluids. In consequence 
of this property, the atmosphere is found to an- 
swer the most beneficial purposes in the general 
economy of the universe. This susceptibility of 
motion of the air, from the slightest impulse, 
by preventing any portion of it from becoming 
stagnant, and by thus occasioning a continual 
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chiuige in its position, serves to transport thd 
various animal and vegetable exhalations, whichj 
by stagnating in the vicinity of their source^ 
would speedily become highly noxious, but be- 
ing carried to a distance, they prove innocuousj 
even frequently beneficial, in other processes 
nature. The motion of the air has evidently a 
tendency to rise up^vard : this direction seanS 
to be occasioned by the reflection of the calori- 
fic rays of the sun from the earth's surface: the 
iowev stratum of air becoming thereby more 
heated, and being proportionally rarefied, ito^'er- 
comes the pressure of the superincumbent strata, 
and naturally ascends : this eff^'ect is likewise in- 
creased by the elasticity of the vapour continu- 
ally risina; from the surface ; the tendency ol 
the air to ascend, must therefore be greater du- 
ring day. The mobility of fluids correspond' 
with their degree of rarefaction. It seems pro- 
bably owing to the greater tenuity of the atmtvi 
sphere in the higher regions, in consequence 
the diminution of pressure, that its motion is 
there always experienced to be greater, being' 
connnonly agitated and in a stormy condition. 

Although the atmosphere be apparently of an 
uniform density throughout, it has been ascer- 
tained, that at different heights it varies consi- 
derably in this respect, and it differs at the same 
height in diflFerent latitudes. The causes which 
chiefly produce variations in the density of the 
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air, are temperature, pressure of incumbent stra- 
ta, and extraneous bodies existing in it. In the 
former chapter, the manner how caloric operates, ^ 
in causing the expansion of fluids, was pointed 
out : it will therefore be readily understood, 
why a stratum of air, at an high temperature, 
will be less dense than a similar stratum, whose 
tempemture is low. The air being also an high- 
ly elastic fluid, its density is consequently aug- 
mented by pressure ; therefore the stratum of 
air nearest the earth, would be at all times pro- 
portionally more dense, were the temperature 
equal throughout, owing to the superincum- 
bence of the superior strata. It has been known, 
since the days of Sir Isaac Newton, that the par- 
ticles of a body possessed of a repellent force 
reciprocally proportional to the centre of their 
distances, will compose a fluid whose density 
will be in a degree corresponding to the weight 
by which it is compressed. It is to this force 
the atmosphere owes its elasticity ; and were 
it not for the gravity it possesses, and its 
attraction to the earth, it would occupy an 
indefinite space : like ^very other fluid, its elas- 
ticity is in the inverse ratio of its density. 
The elasticity of the air is likewise, accord- 
ing to Wolfe, in direct ratio of the weight with 
which it is loaded, and it is rarefied or diffiises 
itself in the direct ratio of the quantity of heat 
which acts on it ; and hke every other fluid, it 
constantly tends to an equilibrium. 



48 OF THE COLOUR, &a 

By the experiments of General Roy and 
De Luc, it has been demonstrated, that tlie 
density of the air diminishes in a degree cor* 
responding to its altitude; and that this di- 
minution takes place in a ratio corresponding 
to geometrical progression, the ascent being 
in arithmetical progression. Thi» is the ge- 
neral opinion now entertained oh the subject. 
At one time the observations of Bouguer 
raised some doubts a& to the accuracy of 
this calculation ; but it has been moref recent- 
ly discovered to agree with the experiments 
performed by Sanssure junior. In this way, if, 
at the height of three miles, the air be only half 
as dense as it is at the surface of the earth, at 
the altitude of six miles, it should be four times 
more rare. But as we proceed in this investi<^ 
gation, we shall nevertheless find, that this cal- 
culation is not without its exceptions. 

Common air is the least compressible of any 
of the artificial gases; being, according to Fon- 
tana, in a ratio to this property pf vital air as -j^, 
to azotic gas as ~^, to hydrogen gas as -y^j.*^ 
nitrous air as ---j-, to carbonic acid gas as -g^, 
&c. The following table, on the foregding 
principles, is copied from tlie 15th volume of 
the Philosophical Magazine. 
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The decreasing density of the air : 



At 3f miles* 

7 
14 
21 
28 
35 
'42 

49 
56 
63 
73 



the air is 



21 

4 

16 

64 

254 

1 .024 ^ times rarer 



4.096 

16.384 

65.536 

262.144 

1.048.576, 



In the 25 th volume of the Journal de Physique^ 
Fouchy gives the description of an instrument 
he invented for measuring the density of diffe- 
rent strata of the atmosphere. It consii&ts of a 
thin hollow glass globe, suspended to the extre- 
mity of a delicate balance, to the other extre- 
mity of which there is appended a small weighty 
»that moves in a groove fonned in a pi^ce of 
wood, that is placed perpendicularly, and upon 
this there is marked an index, by the help of 
which the difference in the density of the vari- 
ous strata of the atmosphere is indicated. As 
the glass globe must at all times displace a vo- 
lume of the air equal to its own bulk, which be- 
ing occasionally of different degrees of density 
from the causes above mentioned, the difference 
will be precisely indicated by the motion of the 
weight in the groove. Sawssure Junior has like- 
wise given the description of an instrument of 
tibe same kind, which he thinks is better adapt- 



Vol. L 



D 



60 OF THE COLOUR, &C. 

eel for being carried about, and with which he 
conducted his experiments on this subject ; for 
an account of it, see 36th volume of the Journal 
de Physique. 

The atmosphere has been perceived to be in- 
creased one-fifth in density, by the greatest cold 
of the climate of Paris, and to lose one-seventh 
of its niean weight by the greatebt heat of the 
same place. Mr Boyle condensed the air to one- 
fifteenth of itB common bulk, without producing 
any other change in its properties. He ascer- 
tained, that the density of the air is greater in 
serene weather, and greatest when charged with 
clouds and vapours. The same ingenious plii- 
losopher supposes, that air may be dilated to 
10,000 times its natural bulk. Sir George 
Shuckburgh shews, that every degree of heat 
beyond 6Q^, increases its volume ^ part. And 
from the recent experiments of Mr Dalton it 
has been ascertained, that aerial fluids in gene- 
ral acquire ah uniform degree of expansion, un- 
der an equal degree of pressure, at every tempe- 
rature. From these; experiments it appears, that 
the atmosphere is capable of any degree of con- 
densation 01' expansion, without suftering an 
alteration in its form or composition. 

There are a vajiety of experiments, conduct- 
ed by the most eminent philosopliers, with a 
view to ascertain the precise degree of expan- 
sion ,which ttie atmosphere suffers at different 
degrees of t<fm|)e;ature. Tliis forms an investi- 
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gition of the utmost imjportance, in order to in- 
sure success in our researches into the general 
properties of the atmosphere : it is confessedly 
a question extremely difficult to be resolved 
with accuracy : on this account, the results of 
the various experiments undertaken with the 
view of determining it, are by no means found 
to be uniformly the same. For many particu- 
lars of the most interesting nature respecting 
thiii question, we refer to General Roy's papers 
in the Philosophical Transactions 1777; Saus- 
sure sur FHygrometrie ; De Luc, Recherche$ 
sur les Modifications del'Atmosphere; Priestley 
on Air. We select a Table intended to show the 
fixpatisioii of the Atmosphere, and what are 
called the Artificial Gases, at different degrees 
bf temperature, from experiments by M. Du 
Vernois, as related by Morveaii in the 1st vo- 
lume of the Annales de Chimie ; this being per- 
haps equally correct as any of the others^ the 
experiments from which it is deducted being 
apparently very simple, and consequently sus- 
ceptible of greater accuracy. The table is cal- 
culated by the scale of Reaumur's thermometer, 
of which 1 degree answers to nearly 2y of a de- 
gree of Fahrenheit. 

It is to be understood, that air, like every 
other fluid body^ undergoes a progressive ex- 
pansion, or becomes more dilatable by the com- 
munications of equal portions of caloric, accord* 
ing to its previous degree of expansion and 

Ds 



52 OF THE COLOUR, &C. 

temperature ; but M. Du Veraois found all the 
artificial gases differ in this respect. The. ex- 
periments were performed by means of a retort 
filled with air, and placed in a vessel contain- 
ing pounded ice : he thrust into the ice a ther- 
mometer, so that its bulb should be on a level 
with the centre of the vessel containing the air. 
After this arrangement, the apparatus was placed 
in a furnace, to which heat was applied : . from 
the vessel containing the air, there issued a b^t 
tube, whose point was next conveyed below a 
graduated measure filled with quicksilver, and 
placed in a mercurial trough of nine inches dia- 
meter. By this means M. Du Vernois was en- 
abled to observe the slightest dilatation of the air, 
at certain degrees of heat, which was according- 
ly indicated by the sinking of the mercury. The 
degrees of expansion which took place from the 
freezing to the boiling point of water, are ac- 
cordingly enumerated in the following table. 
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Table of the expansions of common air, and 
of the principal artificial gases, from the point 
of congelation to the boiling point of water, 
and of the entire quantities of expansion 
witliin these points. 





From 
to 20®. 


From 
20to40«>. 


From 
40 to 60*». 


From 
60 to 80<>. 


From 
to 80<». 


• 

Common air dilates 


1 


1 


1 
2.49 


(3.57) 


1 

1.067 


12.67 


5.61 


Oxygen gas 


1 

22.12 


1 


1 
1.53 


(^^1.73) 


, 1 
* ^ 1.09 


4.92 


Nitrogen gas 


1 


1 


1 
1.82 


^ ^ 572 


5^ ^ 


29.41 


5.41 


"^ ^ 1.062 


Hydrogen gas 


1 


• 

1 
6.92 


(6.85) 


(58.82) 


1 
2.55 


11.91 


Nitrous g^s 


1 


1 


1 

3.739 


(§.88) 


1 

1.65 


15.33 


9.00 


Carbonic acid gas 


1 


1 


1 
2:31 


(3.69 


ix ' 
^ 106.3 


9.049 


5.099 


Ammoniacal gas 


1 
1 

3.58 


1 


*^1.35 


(^^4.69^ 


r, 1 


1.75 


^ ^ 1.248 



Mr Dalton, however, says he has found, that 
the calculations of Du Vernois are erroneous 
in the higher degrees of temperature ; that, on 
the contrary, those of Saussure, BcrthoUct, &c. 
are tolerably correct ; and he seems to think, 
that the error must have arisen from not ha- 
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ving kept the apparatus and materials free from 
moisture, Mr Dalton having found, that ^^ fof 
any given expansion of mercury, the correspon- 
ding expansion of air is proportionally aome* 
thing less the higher the temperature/' But 
notwithstanding the approved accuracy of Mr 
Palton's experiments, we are induced to sup-? 
pose, that any error existing in the experiments^ 
of Mr Du Vemois, from the cause he assigns^ 
must havp a proportional effect throughout the 
whole. 

In confirmation of Mr Dalton*s opinion, Guy 
de Lussac has ascertained, by a great number of 
experiment^, that oxygen, a^ote, hydrogen, and 
carbonic acid gases, are dilatable in all eqyal de^ 
gree, from the freezing to tjie boiling point of 
water ; and he concludes, that all gaseous ma^t^ 
terst undergo an equal degree of dilatation 9t 
equal degrees of temperature, and tliat, between 
the points above mentioned, each of them dilates^ 
2^66 ^^^ eveiy degree in the centigrade ther-. 
mometer. He agrees with Dalton, that the va-t 
riations perceived by Du Vernois in the higher 
degrees of temperature, must have been owing 
to humidity contained in the air ; and that there 
is likewise an error in the higher point of his. 
table, in consequence df the diminished elasti** 
city of the vapour or air in the balloon,* by the 
quantity having passed over into his receiver. 
Perhaps some small error may have arisen from 
this source ; but, if the theorj^ of Lussac and 
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Daltoo be correct^ we <sumoi2 fMsroaiRre how a 
fiortion of vapour fthouM operate in. varying the 
iiesult. The following is the table of Xussac on 
the expansion of dvffertnt gaaes^^ ftom the ireez* 
ing to the boiUng point of. water. .1 



.j^i. 



Of 100 pvtB 



"♦■r 



pegree of 
kiilatatioti. 



■*-* 



f 



iPiffiMBQ^c, 



yt « 



t I H I|W U li, |r i>4i t U M 



Of atmospheric air, 
^— hydrogen, gasi 

— oxygen, 

— azote, 



• 



Parts. 

S7.fi2 I 

37.43 

37.49 



X0.02 
0.02 

aoi 



.*-m^ 



In many particnilars, Lussac's experiments 
accord with those performed by Mr Daltbn, 
whose mode of operation is so extremely stmr 
pie, that their accuracy has not been: called in 
question : nevertheless, the subject appeal's to 
merit still a careful examination ; the result thus 
afforded being totally different from' that wiiich 
arises from the expansive power ^rf. «heat upon 
solid or liquid bodies : thus, metals: of nearly 
the same specific gravity suffer different degrees 
of dilatation, on being exposed to the same tem- 
perature ; and the same circumstance might be 
expected to take place in the gases also. On 
this account, we have judged it proper to state 
the matter as ascertained by different ex peri- 
'ments. ' 

Mr Murray of Edinburgh has accounted in a 
very ingenious manner for this apparent ano- 
maly in the expansion of gaseous bcKiics. It is 
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found, that, all matters do not expand equafiji' 
by definite increments of caloric. This evident^ 
ly arises from a difference iii-the degree df at*-, 
traction that subsists . between their intimate 
particles. In solids, the expansion is lesd tbau 
in liquids ; in both it varies according to .their 
densities, or the force of the affinity of aggre- 
gatiori-which is to be overcome by the ^lastk^ 
particles of caloric. In gaseous bodies, this 
force of- ^h^sion between their intimate parti- 
cles do?? not kxisit ; consequently, th^^ whole 
power of the caloric communicated to them 
will be exerted in causing their expansion^ 
which Mr Murray supposes must in this manner 
take place in an equal degree in all of them; 
as their aggregate affinity is equally overcome 
* in their natural state. But, if we can confide, 
in the accuracy of the preceding table of f on- 
tana on the difierent degrees of compreasihility 
of the different airs, a considerable objection 
will present itself against the conclusiveness of 
this explanation. At ^ny rate, granting that 
Mr Murray V opinion is correct, it certainly 
does not warrant the conclusions of Lussac and 
Dalton against Du Vemois' experiments, as 
caloric must have equally affected the expan- 
sion of vapour as any of the gases with which 
it happened to be mixed. 

There are many familiar operations which 
demonstrate the elasticity of the air. The above- 
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mentioned experiments, by which its raiefaction 
and compressibility are demonstrated, are founded 
on this property. The explosions of an air-;gun; 
liie operation of a. common bellows, and the 
theory of sound, or acoustics, elucidate this 
'principle. This property of air is also most 
i^legantly demonstrated, in the working of every 
description of water- works, where, by its elas- 
ticity, the water is projected to the height of 
thirty feet gr more ; and it is in consequence of 
this, that Mr Boyle found the air compressible 
in proportion to the force of the pressure it is 
subjected to. A portion of the air, confined by 
means of a strong degree of pressure, has been 
found to regain its usual volume, after having 
been confined in a state of the greatest density 
for several years. This is entirely to be ascribed 
to the natural degree of elasticity it possesses. 
This elastic property of the atmosphere may be 
readily demonstrated, by plunging a large drink- 
ing-glass into a bason of water, with its mouth 
inverted : in this way it is filled with air, whichj 
by its resistance, prevents the admission of the 
water into the glass ; but, at the same time, the 
vplume of the air will be perceived to be dimi- 
nished according to the pressure ujjon the glass, 
and the deeper it is thrust into the water. The 
condensatio^ of the air in this manner is increa- 
sed, according to the density of the medium 
employed:dto confine it : thus, if the bason be 
filled with quicksilver, its condensation will be 
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Still more remarkable, and its expansion will 
likewise become more evident, in proportion as 
file pressure is removed. In this manner, the 
elasticity of the air is shown at any degree of 
temperature. It is by this property also, that 
a vessel capable of holding a given quantity of 
air, at a high temperature, is found to be equal- 
ly filled with a fourth or a sixteenth of that ^ 
proportion, even when its temperature is cooled 
below the freezing point. In like manner, du- 
ring the operation of exhausting the receiver of 
an air-pump, if the working of the machine be 
stopt before all the air is drawn out, it will be 
perceived, that what remains is much more rare, 
and that it occupies the whole space of the re- 
ceiver as completely as before. 

But the elasticity of the atmosphere is still 
more distinctly shown, by placing the bladder 
of a small animal, half filled with air, within 
the receiver : according as the pressure of the 
atmospliere is removed, by exhausting the ma- 
chine, the confined air expands, and distends 
the bladder ; and the pressure being entirely rc^ 
moved, the bladder is sometimes ruptured lA 
consequence of the elastic force of the air 
wthin it. In this way, it is perceived that the 
atmosphere, like eVeiy other gaseous body, has 
its elasticity increased or diminished in a degree 
corresponding to the extent of the room occu- 
pied ; and, for this reason, the lowier strata of 
the air must be most elastic, this propert)' de^ 
creasing as we ascend. 
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* Thc^e who axe accustomed to go across the 
Alp^ are aware of the excessive mobility and 
elasticity of the atmosphere. In the spring sea*- 
aon,, when the snow begins to melt, cbnsider- 
abie masses of it frequently tumble down from 
the mountain tops, to the ijnminent danger of 
the unwary traveller. To prevent any disaster 
from this occurrence, it is usual to fire a pistol 
in: passes where snow-falla are most likely to 
happen ; for, without thisi precaution, even a 
voy moderate sound of the voice has beep 
^Bown to give an impulse to the air, which has 
loosened the sno^^ from the precipices over* 
twanging the roads, 

The theory of sound depepds likewise on the 
properties of the air which we have just men- 
tion^d. It is distinctly shown, that sound. is 
propagated by means of the atmosphere, as no 
9Qund is transmitted from the exhaus-ted recei^ 
ver of an air-pump ; and when a piece of clocks 
work, so regulated that the hammer continues 
to strike the bell, is confined in this machine, 
the sound is perceived to become gradually 
more weak, in proportion as the air is exhaust- 
ed from it, and at last entirely to cease. Sound 
^ communicated by producing a peculiar vi- 
bratory motion in the air, which is continued in 
a, circular direction from every point of its ori-^ 
gin. ThiMnotion can be perceived, by ringing 
smartly a common table-bell^ or by friction a- 
long the brim of a large drinking-glass contain- 
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ing a quantity of water. Sound is propagated 
at the rate of 1 142 feet in a second, or 13 miles 
in a minute ; and all tones or degrees of sound 
move with equal velocity. A whisper flies with 
swiftness equal to the report of the most power- 
ful artillery ; Avhich is in proportion to the mo- 
tion of a 'brisk wind as 50 to 1. 

Clear distinct sounds are supposed to be 
emitted by sonorous bodies of an uniform figure, 
while harsh, obtuse, or irregular sounds; are oc- 
casioned by bodies irregular in figure, or of un- 
equal density : but sounds must be always re- 
gidated according to the impulse given to the 
atmosphere ; for a similar sound will not be pro- 
duced by the same instrument in different states 
of tension, nor if the degree of force applied be 
different. The state of the atmosphere itself has 
the most powerful effect in causing variations 
of sound. Sound is always louder when the 
weather is warm and serene, and is weakest 
when the barometer stands low ; but it is loud- 
est in a cold dense state of the air, and is more 
dull in rain, or in snowy weather, though M. 
Lambert says, that damp air only deafens, but 
does not retard the progress of sound. All de- 
gi'ees of sound are loudest and most distinct du*- 
ring night. This is perhaps owing, in a great 
measure, to the stillness of the atmosphere m 
that season ; its motion being greater in the 
dav-time, and in summer than in winter. This 
motion always occasions a peculiar noise, of 
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strength in proportion to the season of the year 
or time of the day. Sounds are propagated far- 
ther by the vicinity of the sonorous body to a 
medium of greater density than the air :. thus, 
thunder i& rarely heard above six miles off; 
while the report of the artillery at the siege of 
Metz by Charles V. was distinctly heard forty 
leagues distant. Derham gives an instance, 
where the human voice was heard at the distance 
of several miles : but the noise occasioned by bat- 
tles at sea have been audible at the greatest dis- 
tance. The Tartars, and other nations of simi- 
lar manners, are aware of this effect ; and, by 
laying the ear close to the ground, they can an- 
nounce the particular route of their tribes and 
cattle at a great way off. Sounds seem to be . 
propagated in a direction tending to rise up- 
ward. This is owing to the diurnal motion of 
the air from the surface : hence it is found easier 
to communicate an intelligible sound to a per- 
son elevated above the speaker, than to render 
it equally distinct, with the same degree of ex- 
ertion, to one placed below. 

It is owing to the great velocity by which 
sound is propagated, that it is not frequently 
lost in the motion of the wind, which rarely 
happens, though wind frequently renders it very 
indistinct ; but a gentle breeze seems to favour 
its continuation, if blowing from a point of the 
compass in a line with the sonorous body to the 
point of hearing : when the air blows in a con- 
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trary dii-ection, a slow continued breeze is At 
gieat an obstacle to the propagation of sounds 
in opposition to its current, as the greatest 
storm. 

Sound is always increased, by communicating 
the vibration through dilated tubes ; and from 
this property, the instrument called a speaking-* 
trumpet has been invented. Kircher supposes^ 
that its eftfect is owing to the number of vibra- 
tions that are communicated to the air fropi the 
sides of the tube by reflection ; aiid that thesA 
reflections conspiring to propagate similar pul* 
ses, increase the force of the sound ; the increase 
of the number of pulses increasing the points of 
new propagation. The effect of this itistnitnent 
is greatly augniiented by the diminutioti df iht 
lateral, and consequently the increase of the di^ 
rect expansion and velocity of tile included aiK 
An echo is the principal effect of reflected 
sound, and it has been imagined to be merely 
the original tibration of the' air repercttssed 
from a concave surface, or wlien the bodies it 
strikes against are elastic. It has been found; 
tliat the reflection of sound, like that of light, 
is always equal to the angle of incidence, though 
the reflection of sound must depend greMy on 
the nature of the reflecting body. ThuSj sub- 
stances that are more elastic, have probably this 
property in greatest perfection. Sound beingj 
interrupted by hills, walk, houses, woodsy ftfiii 
the like, gives occasion to the formation hf i» 
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echo. It is found, that this variety of sound 
never occurs at sea, nor in an open plain coun- 
try. The sound of an echo moves with a de- 
gree of velocity equal to that originally com- 
municated by the sonorous body. 

But although the report of artillery, or any 
other percussion of the atmosphere, does not 
give rise to an echo either at s^a or in a plain 
country, nevertheless the peculiar rumbling noise 
of thunder is the same every where. This cir- 
cumstance has been attempted to be accounted 
for, on the idea that the sound is reverberated 
from different strata of clouds. But as this pe- 
culiar noise takes place when the air is apparent-^ 
ly of an uniform density, and as an echo does not 
follow the report of cannon at sea, however cloudy 
the atmosphere; for these reasons the following 
theory is subjoined, as being th^ most probable 
explanation of this phenomenon, and is promul- 
gated by M. Monge in the Annales de Chimie, 
vol. v. p. 268. He endeavour* to shew, that thun- 
der is in every instance accompanied with the 
sudden condensation of vapour, of which it is 
probably the cause. He therefore supposes, that 
the rolling noise of a thunder clap, is occasion- 
ed by the impetuous motion of the air rushing 
in &om all sides, to fill the void occasioned by 
the condensation of the vapour it contained ; 
and it is in every respect similar to the noise 
that occurs in drawing a cork, or which follows 
the smart stroke of a whip upon the air. These 
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properties of reflected sound, give an explana* 
tion of the cause of ^vhispering galleries. There 
are many remarkable echos in every country ; 
at Louvain in Flanders, Kilamey in Ireland, 
Woodstock in Oxfordshire, where seventeen 
syllables are repeated during day, and twenty 
during night. There is also a building in .the 
vicinity of Milan, which reflects sounds more 
distinctly, and in greater number, than any 
other situation of a similar description • a smart 
noise being distinctly reverberated about three- 
score times. Kircher supposes it is owing to 
the vibration being returned by two parallel 
walls, which is thus reciprocally repercussed, 
till the impulse becomes too weak to produce 
any sound. 

The gradual decay of the original impulse 
causes a corresponding diminution in the in- 
tensity of sound, and at length it ceases to pro- 
duce any eftect whatever. The decay of sound 
has been variously* calculated on mathematical 
principles ; but having no measure to ascertain 
the gradations of sound, the result of these cal- 
culations has been found to vary in every in- 
stance. From what has been mentioned respect- 
ing the influence of the air in propagating 
sound, it will be readily understood why much 
furniture in a room deafens the soiuid, by check- 
ing the free vibrations of the air ; and on the 
same principles it is ascertained why vaulted 
rooms, alcoves, domes, and other concave pieces 
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of architecture, increase the sound, in buildings 
intended for public orations. 

It is well understood, that a room of an elip- 
tical form has the property of reflecting soundS'J 
in the most remarkable degree : the tremulous 
rays of air leading from the point of percussion, J 
follow the same angle in their reflection to any 1 
other point, and form a focus directly oppo^ i 
site. In this way it is understood wliy a per*- \ 
son, standing on one side of such a buildings , 
can hear distinctly words pronounced in 
■whisper by the person ■ opposite ; and which I 
cannot be heard by anotlier person, standing 
the same room,- at a distance from the wall, and ] 
who happens to be without the range of the I 
angle of the sounci's reflection. 

By an accurate attention to the minute variai 1 
tions and inflections of sound, people that ai* J 
blind have been known to acquire a degree or 1 
knowledge sufficient to enable them to perara'- f 
bulate the most crowded cities, and even to en* I 
joy the exercise of riding- on horseback. By 1 
the same talent they are also enabled to recogii . 
jiise their former acquaintances, after a consi^ I 
derabie lapse of time. TJiere is a beautiful act i 
count of such circumstances, in the Lettres 1 
Persannes of Montesquieu, and 1st volume of 1 
the Manchester Memoirs. 
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> If 'hs^6 teen already ofaserred, th^t i^ atoiti^ 
sphere, likejeveiy fluid, tends always taan eq^ 
Hiiiiium :; this it does, 131 coasequ!&m:e of b^big 
possested txf gravity or weight ; Z'epxdMtjlt hn 
iti cJomiHau y(tih ma^tet* in general- ' 

.; The pre^s^rre <if the atmosphere feeing alwajn 
t(xvr^ltia7thd csuirfete of the eartl^, it will tfaece^^ 
fare hflTvf : a coBsteint telidency to axjquiwit level 
at the superficies ; ifeut as the den^ty of Ite dife 
feiient HQgiims <]if the air diminishes aceordiiig to 
4i«it deg^Wa of pkratidti, its upper stratti muft 
'MieFe!fei*e be. ma state of the greatest rarefied 
4»aoi.. : Owing! to the tenmty of the pporticlea of 
4die otmo^pheflce, it isdiscx^Fei^d to occupy fcfaofe 
^erstice&of almost every othearhody. J^ 1^ 
•h^efL fotiiid ia peneftmte the lofaeeptst :maiieis^^ 
•wbiie it reache^s toti ^am. i ixiprien^e distai&oe tilsave 
-die Ito^^ of the hi^esltjrnountains> — appeaidUices 
3idii)d]l cxk only he <el^lHin'ed as tibe leffettB of 
its spexifAc ;^taArit:y;, aimd its plroperties as oit^fata- 
tic of the highest pawer. Before the ^grittoity 
of the air was made known, it was usual to de- 
scribe every appearance that takes place, m con- 
sequence of this property, by an hypothesis of 
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[ the most gratuitous description : it was imagi- 

I ned, that all matter had an antipathy to a void 

space, and this imiate abhoiTerice was on that 

account denominated h<yrror, or fuga vacui. 

And to prevent the occurrence of an empty 

i space, it was supposed, that the atmosphere oc- 
cupies every interstice of sufficient si?e to admit 
its particles. In this way tlie consequences 
supposed to follow the event of a vacuum being 
foi'med, were prevented. The gravity of the 
atmosphere is familiarly demonstrated by nwans 
of a common syringe : while the nosle remans 
opeh, the piston can be wm-ked with facility : 
this arises from the pressure of the air upward, 
being equal to the pressure from above : but if 
I the piston be puslied conipletely down, and in 
I this state the nosle be made to press firmly 
P against the point of the finger, so as to exclude 
the access of the air, a veiy considerable itsist- 
anee will be "experieiaced, at every attempt tp* 
[ th'SAv up the sucker : tlie body of the syringe 
I being thus fmined into a vacuum, the under 
part (ff the piston having no opposing fluid to 
counterbalance the superincumbent gravity of 
tiie air., t^ie whole weight of the atmospherical 
I colunm bears upon its upper part, and thus op- 
I poses a resistance to its ascent. As the gravi- 
I ty of the atmosphere is most genemlly determi- 
ned by means gf the barometer, it is necessary 
to premise a general description of that instru- 
ment, 80 that the subsequent investigation of 
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this, subject may be comprehended witbgrcattr 
facility. . . ', . •• ^ 

. The form of the barometer in general, u^ 
.consist$ of a glas§ tubie t>f about thirty-two inch- 
es in length, of an unifonn cavity 'throughi[wt; 
one of its ends. being hermetically clbsedy idr call- 
ed the upper extremity ; the opposite or, under 
.end, is formed into a wp or hollow bulb, having 
a coAimunication with the. atmosphere :. tibe tube 
and bulb being filled with xjuicksilver^ ,by do* 
sing the orifice, with the thumb, :.till the>instni- 
ment is reversed, the air is thus completely ^x> 
pelled from it j. and- on igain placing" .vthe^rtttbe 
.upright, with the cup undermost,^ a .quantity! of 
the quicksilver t runs out: the portion!. timt 'i«r 
mains, continuing at a certain height in thetubfei 
is found to correspond with the gravity, of 4Kc 
atmosphere, and its .height .varies according: to 
the state of the weather; A scale is geikeraUj 
placed towards, the upper end of the tiibey op? 
posite to the top of the. column of quicksilver : 
on this, scale the .different degrees are* marked^ 
'the tube bein^ divided into inches and .parts; 
J>ut owing to the variety of causes producmg 
. .changes in the gravity pf tlie air, it i* fou^d im^ 
possible to adapt an accurafie , scale for i]:idicating 
the precipe qhange of the; weather. ; ? -. ^ t 
There is a considerable, variety of the fonu of 
the barometer, both for. philosophical. an^ com- 
mon purpios^^, as a weather-glass ; but however 
much they differ in form, they are all construct* 
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ed upon tlie general principles we have laid 
down : but for a more particular account of tbiiS 
instrument, the systematic works of Pere Cotte, 
De Luc, and the Philosophical Transactions, 
must be. referred to* The reason why a quanti- 
ty of the quicksilver escapes from the tup of 
the barometer when it is placed upright, and 
that what remains continues at a certain point, 
is owing to the gravity of the atmospherfe bear- 
ing opt the base of the column of quicksilver/ 
being only capable of supporting it at a certain 
elevation ; the height of the meroiry in the ba^ 
rometer, therefore, corresponds to tte actual 
gravity of the atmosphere; and its v^ations 
from this point, rarise in consequence of some 
previous change in the weight of the air. 

In every country, . and in every season, the 
mercury in the barometer has yieiarly one jnem 
point, in situations on a level ^itli the ocean j 
but it varies considerably frpjn this point, by 
whatever occasions a change jn the density of 
the atmosphere. The vj^eiglit of thje air, on a 
lev^l with the s.eaTshore, is ascertained,, by meani^ 
of th/e barometer, tq correspond to about thirty 
inches of mercury : thi^ fact has been determir 
ned by Bougjier in South Ameripa ; by Captaip 
Phipps in N^ lat 80^ ; by Sir George Shuckr 
burgh in the soi^th of Europe, and in the En- 
glish Channel; and it has beep confirmed by tlje 
experiments of the learned in every part of thp 
world. The point at which the quicksilver 

V Pa 
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ilMially stands, by a calculatton froih its faigl}*^ 
est and lowest degree of tetevationy is called. ite 
inean point ; and the extent of the apaxs be^* 
tween the points of its greatest depression and 
of its highest rise, is called the range of the bar« 
rometer. 

The barometer is alwaj^ perceived to sink 
somewhat, on ascending from the searshore, and 
this takes place in proportion to the height of 
the interior; Thus, on thi summit of a moun^* 
tain of two or three thousand feet of ascent, dK? 
mercury is perceived considerably lovner than 
the point at Which it stands in the valley. On 
this principle) the barometer has been employe 
ed to determine the elevation of places abovi^ 
the level of the sea ; and it has even been ap4 
plied, on the same principle, tp ascertain th^ 
height of the atmosphere itself. A Mr Sinclair 
is said to have been the first person in this cou^ 
try who employed the barometer for this pur-t 
pose : his experiments were conducted so long 
%6 as 1661. It is now generally agreed, that 
the method of determining the height of placcis 
by means of the barometer^ is equally correct^ 
afe the admeasurement conducted on geoih^tri^ 
cal principles, and it has the advantage i>f be^ 
ing more expeditious : but there ate several 
circumstances that necessarily require atteiitiOtl^ 
in reducing this experiment to a satisfactory 
degree of accuracy. Though the gmvity of the 
atmosphere is known to be nearly the same un- 
der the equator, as* in the temperate zone or 
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witlvn tte polar circles, ^till changes df tcanpe- 
rature occurring in particular regians^ ni^$.t 
have the effect of r^ndf ring it paifti^ly tnorf 
dei^se and h^avy wh^n the heat i$ dirtiini§feed^ 
or more light and rar^ when aete<) Upon b^ axi 
increase of teniperatute. As has been already 
observed, the atindspliere at gi'eat )^ight3 h 
considerably more rare, for which r^$on tJbe 
rise or fall of the mercury in the barometer will 
hot be so great, through an eqndl $(iade; in siich 
elevated places, as is obsen'ed to hapjien lieamr 
the level of the ocean. In calfculating tHc 
heights of places by mcanj of the barornqter^ 
it is essentially necessary to be acquainted with 
its corresponding fall at various heights, and at 
diftereht degrees of temperature of the air. Sir 
treorge . Shuckburgh conducted the greatest 
numl^ of- experimertts with a vi«!w to per- 
tain this point, and the following t^ble i^ di^iwn 
up from the result of his Jabourl, 



Thtrmo- 



Feet. 



32 


85.86 


35 


87.49 


40 


88.54 


45 


89.60 


50 


90.66 


55 


91.72 


60 


92.77 


€3 


93.82 


70 


94.88 


75 


95.9^ 


80 


96.99 



■ Pl— Wiy WT^pip^ 



•- • 



The voluhife bf ohb-tenth 
of an inch of qiiicksiU 
ver on the barometer, 
expressed in feet in the 
atmosphere, when the 
barometer stands at 30 
inches, according to 
the different tempera- 
tures. 

E4 
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The above table corresponds with similar ex- 
periments, performed by tlie late Dr Walkei'^ 
Professor of Natural History at Edinburgh. He 
found, that about 90 feet of elevation accords 
with To ^f *h^ mercury in the bal-ometer, in the 
ordinary temperature of the climate of thia 
country during summer. But within the tro- 
pics, near to the line, the barometer has been 
observed to sink, for every 200 feet of elevation, 
only one-rhalf the length it is found to descend 
in climates approaching the latitudes towards 
the poles. Upon the data of the foregoing ta- 
ble, the heights of the following places have 
been determined by means of the barometer. 



Places. 


Ha{^ in. feet 
above the level 
pf thetca. - 


Arthur's Seat, near Edinburgh, - 


796 


Highest Pentland Hills, 


1700 


Ben Lomond, -? 


3180 ' 


Bennevis, - - - - 


4283 


Tintp, 


■ 2342 


Shehallion, - r - - 


3461 


Calton Hill above Leith Pier, 


350 


Cheviot, . . . r 


2382 


Snowdon, - ^ ^ - 


3555 


Mont Blanc, . - , 


15,303 


(by De Luc, it is 15,662) 




^tna, - - - - 


10,954 


Vesuvius, - - • - 


3938 


Cross of St Peter s above the Tibei 


r, 502 
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Height in feet 
Placet. . above the ley^ 

• of the sea. 

Iron gallery over the dome oF St 

Paul's, - - - 281 

Highest point of the Appenines, 8397 
Pi^ d'Ossano, one of the Pyrenn^es, 1 1,700 
Peak of Teneriife, - - 15,396 

Peruvian Mountains, - - 19,242 
(their summit 20,000) 

It has likewise been discovered by M. De 
Luc, from experitnents performed at the bot- 
tom of a deep mine in the Hartz, that the baro- 
meter indicates the gravity, of the atmosphere, 
m these situations, in like nianner as it does on 
the tops of mountains. Indeed, in every situ- 
ation and variety of climate, it will be found, 
that the mechanical properties of the atmo- 
sphere are uniformly obedient to the same laws. 

From the above calculations by Sir George 
Shuckburgh, Mr Dalton has ingeniously de- 
duced the following theorem, whereby he is 
enabled to calculate the height of the barometer 
at different elevations, and which affords the 
following table. Let H = the height of the 
barometer below in inches, b zz the number of 
feet per table as before, p = the perpendicular 
elevation of the upper barometer in feet, y rz the 
height of the mercurial column in inches : then 
we obtain this theorem : J/=^t^ x K 
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J--J 

8§JSS 


Height of the mercurial colnnm of the i 


barometer in inches. | 


/ 


Above the niirtii of 


Above the 


w-s-S.g 8 


Above the 
equator. 


England. 


north pole. 


Id summer. 


In winter. 


In winter. 





30.00 


30. o6 


30.00 


30.00 


9 


20.55 


20.10 


19.58 


18.81 


4 


13.61 


12.96 


12.1^4 


11.19 


6 


8.66 


7.98 


7.26 


6-24 


8 


5.2,5 


4.65 


4-08 


3.19 


16 


3.00 


2.52 


2.05 


1.45 


12 


\f5S 


1.24 


.93 


.56 



The above table is reduced oh the supposi- 
tion^ tliat the riieati heat at the Earth's Surface 
under the equator is 84'' ; in tlie lidrth bf Eng- 
land, during the hottest summer hiofiths, 6b\ 
and for the coldest mbiithi^ in wiiitef 35^ ; tbfe 
mean annual temperature at the north pblfe be- 
ing 3 1^ ' 

Notwithstanding the ingeiiioUs calculations 
that have been undertaken on purpose to deter- 
inine the lieigbt of the atmosphere, both ffom 
observations made with the baroirieter, as \Vell 
as from calculations founded dii geomfetrifcal 
principles, tlie question still renlaiiis iiiidecidecl*. 
It would be an endkss and uriprofitabte task, 
to enter into a detail of the inquiries that Havfe 
been made in this investigation : it appears 
merely necessary to relate, in a concise manner, 
the printiples which ha\'e served as a basis foir 
calculating the elevation to which the atnib- 
sphcreiiseS above the earth, by mearii^ of expe- 
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fimieBts perfomied with the barometer ; and to 
pompare the results thus afforded with the de- 
dnctions drawn frohi other sources. Supposinjgi 
according to Sir George Shuckburgh's table^ 
that the barometer falls -^-^ for every 87 feet Of 
ascent ; therefore, 300 times 87 makes the elc- 
vation of the atmosphere reach five miles : but 
this can only be determined with accuracy by 
ascertaining the diensity of its diflferent strati^ 
and thfe proportion of the fall of the mercury to 
a proportionate degree of elevation in different 
latitudes. The Altitude of the atmosphere has 
been likewise calculated, by the height of the 
barometer being taken in arithmetical progres- 
sion, the height of the air being in harmonic 
progression ; but this method is especially ob- 
jectionable, as it is liable to error from innume- 
rable causes which cannot be prevented. M. 
Mariotte having ascertained the difference be- 
tween the density of air and mercury, under 
the pressure of the atmosphere at the earth's 
surface, and its consequfent dilatation at diffet- 
ent heights^ calculates, that the entire altitude 
6f the atfhbsphere reaches to about 15 French 
leagues. But neither of these calculations cor- 
responds with ivhat is observed of the sinking 
of the meroiry at very great heights, its descent 
not having been in proportion to the supposed 
altitude of the atmosphere. 

Another method to determine this question 
has been attempted, by taking an observation 
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of the .degree where the pays of the risitfg and 
setting sun begin- to be refracted : this occurs, 
when that luminary is 18^ below the hanzon. 
From this observation, it has been supposed, 
that the height of the atmosphere is at least 
equal to 20 French leagues. But even this 
amazing height does not correspond with <al- 
culations performed on similar principles, for 
the purpose of ascertaining the height of fire- 
balls, the aurorse boreales, and other similar me- 
teors, which are imagined to move within the 
verge of the atmosphere, but at a height grieatly 
exceeding that which is afforded by this calcu- 
lation. To what degree of elevation the yeiy thin 
rarefied atmosphere extends, is not easily ascer- 
tained ; but the superior regions of the air are 
certainly much higher than what can be deter- 
mined by the barometer, or mathematical cal- 
culations, founded upon the supposed variations 
in its degrees of density. Besides the range of 
the barometer, there are many other proofs of 
the effects of the gravity of the air. The boil- 
ing of water on a level with the ocean always 
takes place at the temperature of 212** ; but, at 
an elevation of a few thousand .feet, the same 
clKinge takes place at a much lo;^er degree of 
heat; and when the pressure of the air is en- 
tirely removed, Avater boils at a tetnperature so 
lowas70^ , . 

The following table is taken from the obser- 
vations of Sir George Shuckburgh on this subr 
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ject; and are the result of experimentis lie. pel- 
formed, in a journey over the Alps. 



Table of Observations oh the foiling Point 

[of Water. ■ \ '' 



Place of ob^eryation. 



Bologna, 

Geneva, 

iModane, 

La^pejbqurg, ; 
Mount Cenis, : 
Ditto, 



Height o£ 
the baro- 
meter in 
inches. 



50.21 
=28.60 
. 26.61 
. S5.75 
24.03 
.2.g.91 

■^ 



Meat of 

boiling 

water; 



213.5 
210.4 
207.3 
205.1 
201.2 
201.1 



r vM.. De Luc has also conducted several exr 
•perrments on thi same subject, which nearly 
coincide vy^ith the above.; . 
• Every liquid boils, or is icon verted into .va- 
pour, at a teiftperatiire peculiar to itself; but 
this may be varied, by diminishing or increasing 
the . pressure; of : the surrounding air. This is 
dlK)Wo, by boiling a small quantity of water, or 
any other liquor, in a Florence flask, the mouth 
-of which must be well corked and secured with 
lieather during the ebullition : the flask being 
then taken from the fire, its contents will cease 
4x) boil ; but the process immediately recom- 
ihences when it is plunged in a bason of cold 
water, and it again ceases on being exposed to 
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heat. The theorj^ of this process is exj^kiiied 
in the following manner : When the water boils,' 
a quantity of it is converted into steam ; the 
orifice of the vessel being carefully i^tppt.in^ this 
state, a portion of vapour is thereby confined 
over the surface of the boiling liquor : thus, 
while it coptmui^s at an high temperature, the 
pressure occasionecj by the foroe of the steam 
prevents any more from being fonned ; there- 
fore, the liq^uor does not appear tp, boil, though 
its hpOit be greater than the boiling ^jompera- 
ture ;; but* the flasfc Ipeing plunged into oold wa- 
ter, aj quantity of the steam h thereby ^nden- 
sed, whixrh causes a void in its upper part; 
theretore, die li^fuo^ c on ti n u e s- to boU, wJdle it 
retains a degree of heat sufiicient to convert it 
into vapour in a vacuum, or till the fbnnation 
of- ti^t fluid is again too fbrcibJty resisted by> tiie 
pressure of the steam thus genecated. 

It is. fouiid^ that 100 cubic inches of atino- 
spherical air wergh SI grains. Considedng. ik^ 
immensity of space which th^ atmoj^ere oceub- 
pies^ it witl be perx^eived by thiS' circumstance^ 
that it mi>st press upon the eai^th^s iiur&.Qt ^mlk 
a prodigious weight. Its exact degaee of 'p^es^ 
sure has been estimated at 14ff^ ^cmnds averdli^ 
poise upon every square inch. At first sightt, 
it is difficult to conceive liOvW ammatedi bein^ 
are enabled to resist the pressure of this enoi>- 
mous burxkn. ; but as tlie gra^f ity of the. air 
presses equally om every side^ as welt latenUljp' 
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td downvrord, 4he injuries that ^t^Ul have 
odientise occurreicl by it are dni^ prevented.- 
Itiere l>^ing 144 inches in fi square footj the 
^^os^iere »^iseis&arily bears upon that spa^e 
with a weight of fi088 pound* ; 2Uid ttckaamg 
iQ 4quare feet to the extent oi the surface of a 
middle^sed m^n, it must therefore press upon 
bis^body tat i^ rtate of 25,056 pounds, an^ounting 
to more that! ^le\%n tons. In a similar manner^ 
tte ^tire pressure of the atmosphere upon the 
«kth is estiiiiated at 1 1 ,642,0 1 9,840,OOO,OOO,6O(i 
poumtej— a Aveight far beyond tiife reach of hu- 
tnan comprehension. These data thus afford al 
calcuiatiola, which is ratlier to be considei^d si 
a proof of the enormous burden of the atmo^ 
sphere, than as an accurate definition of its ex- 
tent. In consequence of the gravity of the air; 
any resistance to its <rurrent, as in walking or 
riding, adds gripatly to the fatigue of such ex- 
ercise. ' A stream of air of seven feet square; 
tieariy equal to half the extent of the body of 
«n ordinary mzed man, moving at the rate of 
t>nly twenty Ifeet in a second, adds greatly to 
the pressure ; lind the friction thereby occasion^ 
rA raises a lieat and redness of the skin, and fi-e^ 
qwntly a feeling of heaviness and inclinatton to 
sleep. Tiie pressure of tJie atmosphere produces 
many advantages of the highest importance in 
the -economy of nature : it assists the liixrula- 
tion of the fluids in animals and plants ^ irregu- 
larities in tfeeir growth ave thereby restrained : 
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this is shown, when the unifonn pressure of the 
atmosphere upon the surface, is excluded by the 
partial use of any piece of dress, which, by pro- 
ducing this effect, tends to induce deformity^ 
and irregularity in their growth : thus, man is 
better shaped, when accustomed to active pur- 
suits, than such as are confined by sedentary 
professions. The gravity of the atmosphere is 
in other respects necessary in the performance 
of several of the animal functions, as in respira- 
tion, sucking, speaking, &c. ; for unless the gir 
had been possessed of gravity, these and other 
offices could not have been performed. It is this 
property of the air which prevents exudation of 
liquids from culinary and other uteixsils ; and 
innumerable other benefits accrue from it in the 
arts. 

Tlie range of the barometer becomes the next 
, svibject of inquiry, and it is a question of very 
high importance in an investigation of tjie naT 
tural history of the atmosphere, as.it leads us 
to consider those causes which produce partial 
changes in the gravity of this fluid. In tropir 
cal countries, the range is less than in climates 
towards the poles. By this it is to be underr 
stood, that the barometer never rises so high^ 
nor sinks so low, as in other climates. From 
the tropics the range becomes gradually greater^ 
and is greatest from about the SQth to the 50th 
degree of latitude. From this last degree, the 
changes of the barometer do not njatetially in^ 
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ci'ease, and axe nearly the same even in high 
northern climates. This opinion is not what 
is generally entertained, it being commonly as- 
serted, that the range of the barometer increases 
from the equator to the poles ; but it is advan- 
ced here on the authority of the late Professor 
Walker, and because it seems to accord with 
the tables of the range of the barometer in dif- 
fereilt countries given by Pere Cotte in liis Trea- 
tise andMemoirs on Meteorology • audit likewise 
receives confirmation from the remarks on the 
climate of Russia, related by Dr Guthrie in the 
Edinburgh Philosophical Transactions : besides, 
when the causes of the variations of the baro- 
meter Qpme to be considered, it will appear that 
this is the consecjuence that may be expected 
to result from tlieir influence. By inspecting 
the tables of Pere Cotte above mentioned, it is 
perceived, that the range of the barometer at 
places in the 60° of N. lat. is not greater than 
in others, many degrees nearer to the tropics : 
thus, at Meaux, Utrecht, Zwahenburgh, Scd. the 
variation is feven more than at Abbo in Finland, 
or St Petersburgh, 

Dr Guthrie found, that the barometer stood 
as in the following table, at a situation 20 feet 
higher than the level of the Neva, and 6000 
feet from its falling into the Gulf of Finland. 



Vol. I. 
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For the six winter months, November, Decem- 
ber, Januaiy, February, March, and April, 
which make 181 days of the common jxar. 

At highest, 28*^ 87 cothmonly in Jan. 
At lowest, 526* 99 oftenest iii Ndv. 



Differcncc, 1* 88 

Mean bfetween the extremes, 27*^ 93. 
Mean height, 28** 02 Paris inches. 
tt stands 93 days above 28 inches, and 86 
days below it. 

For the six smnmer months, May, June, July, 
August, September, October, which make 
1 84 days of the common year. 

At highest, 28* 47 oftenest in Afay. 
At lowest, 27" 50 l^^^'^^^^^^^P*- 

Difference, g7 

The teean between these extremes is 27^ 96. 

Tlie mean height, 28"* 04 Paris mches. 

Itfe height for 107 days is ab6Ve 28'* inches, 
and for 77 days below it. 

In the above, tli€ scale is divided into Paris 
inches and hundred parts. 
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The same circumstance is confirmed by the 
Experiments of Euler, as related in the second 
volume of Pere Cotte's M^moires sur la Meteo- 
rcJogie. Tlie greatest mean height of the baro- 
meter at Petersburgh during seven years, 177S- 
1778, amounted to 28" 8, and the lowest mean 
for the same period was 27° 2.1 1 ; the former 
occurred in tlic month of December, the latter 
in February'. The same philosopher gives ji 
very ingenious table in the fourteenth volume 
Nova Act. Petropol, which shows the range 
of the barometer at six different places, from 
the sr N. lat. to the 6S° N. lat. inclusive; 
and in no instance does the difference between 
the higlicst and lowest line greatly exceed an 
inch. The experiments were conducted during 
the whole of May 1 769, and include an extent 
of observ-ation of about 4000 miles. 

As we proceed in this investigation, it will 
be perceived, that the range of the barometer 
does not exactly correspond in places similarly 
situated in every respect, and even at a few 
leagues distant : thus, the variations are not the 
same at Lisle and Brussels, at Meaux, Paria, 
3jid Vire in Normandy, even where the circum- 
stances of situation nearly agree. But although 
an exact correspondence in the barometer, pla- 
ced at distant situations, does not take place, 
nevertheless similar changes, though not cor- 
lespondiog in degree, do occur, even in the 
most distant places. The precise extent of these 
F2 
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distances has not been ascertained ; but snch 
have been observed to happen in places 400^ 
and even 600 miles distant. These variations 
have been supposed to agree nearly in point of 
time ; this at least was observed in experiments 
conducted at Paris and Geneva for three years, 
in which period there was but one instance of 
exception. Although the column of the atmo* 
sphere be proportionally shorter fn winter, yet 
it has been found, that the variations of the 
barometer are more frequent in that season 
every where. 

The variation of the barometer is greater in 
mountainous countries and in islands* Its range 
is likewise greater on the continent of America^ . 
and in the north-east provinces of Asia, than 
in corresponding latitudes in Europe ; and in 
every situation the range is greater the nearer 
the sea-shore. Thus, M. Ramel found the mer- 
cury in the barometer always stood lower in 
Provence than at Marseilles, — places where 
the difference of elevation is extremely tri- 
fling ; thus, in the latter situation, the mean 
heiffht of the instrument ha& been observed to 
be 27% while in Provence it stood 28^ all but 
two lines. 

At QuitOy the rangie does not exceed one line : 
this place is about 9000 feet above the level of 
the ocean, where the variation is fi-equently to 
the extent of three or four lines. At Peru, its 
greatest variation does not exceed the third of 
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an inch ; at Calcutta, it is about, half an inch ; 
at Naples^ N. lat. 40® 55\ it is about one inch ; 
at Dover, N. lat. 51^ 8', it is about H inches ; 
and the mean mnge over the whole of Britain 
does not exceed that proportion. At Williams- 
berg, in Virginia, lat. 27® SC, the annual range is 
somewha,t more than an inch ; it is the same at 
Genoa, lat! 44*. At Paris, lat. 48®, the variation 
is about l4 inches. At Zurich in Switzerland, 
N. lat. 47^ and Marseilles, N. lat. 43®, the 
range in both places is about the fourth of an 
inch ; at Arras, N. lat. 50®, and Boyrdeaux, 
N, lat. 44^ it is about one inch ; at Padua, 
N. lat. 45®, it is somewhat more than one inch ; 
at Lyons, in the same degree of latitude, it is 
only about \^ of an inch. The above examples 
furnish an imdoubted proof of the effect of lo- 
cal situation in causing variations on tlic baro- 
meter. The greatest height the barometer was 
perhaps ever known to rise in this island, was 
obsei-ved by Sir George Shuckburgh in 1778 : 
the mercury then stood at 30® 940'. And jMr 
Townly of Lancaster, in 1703, observed the mer- 
cury to be stationaiy so low as f27® 390', which 
is the lowest it ever was perceived to be in this 
countrv. 

By experiments perfbrnicd by M. Laval on the 
top of St Pilon, a mountain in the neighboui- 
liood of jMarseilles, 300 feet high, he found, 
that the barometer varied but U lines, when 
the variation at Marseilles amounted to 21 lines, 

F3 
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It has been obsei*ved, that the highest e^tretot 
of the barometer occurs frequently in Pecem^ 
ber or January ; and it has been likewise obier^ 
v^d, that the low extreme is most generally 6ii-«. 
perienced in these months, from geuaral cau^ 
ses which affect the range of thie baropieter, itapi 
pears, that the greatest fall of the mercury ocaini 
most frequently when an extraordinary rise hai| 
preceded that occurrence* By observations con-i 
^ucted at Paris for twenty yearsi, from 16^9 to 
1718 inclusive, ten out of eleven of the lowest 
falls wer? in January and December j thf ele-» 
yenth occurred about the middle of Novemb^. 

Besides the variations which are called ajH 
nual, as being deduced from observations 0>nT 
tiiiUed throughout the yeetr, the baron^eter like-*! 
wise suffers variations which may be called di-^ 
Hrnal, as beiqg completed within the period of 
twenty-four hours. By experiments peiformedi 
at Mexico by Don Alzat6, it appears,^ that the 
quicksilver stood always higher in tlie baromie<« 
ter in the mornings and eveniiigs than at mki« 
day, or at three p^plock in the afternoon. Hit 
observations were taken at seven in the mora-^ 
ing, at noon, at three in the afternoon, ami at 
six in the evening. 

There are some observations, greatly resem-» 
bling these, i-elated by Dr Balfour, in the £din-< 
burgh Philosophical Transactions. He found, 
that almost without exception, the quicksilver 
fcH betA^een ten at night and six in the mom- 
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iiig ; between t3ix and ten in the morning, it 
as constantly rose ; between ten in the morning 
said six at night, it progressively fell, without a 
single exception ; and, lastly, between six and 
ten at night, the barometer rose pi:ogressiyely, 
without any intermediate falling. The experir 
i|i6nts on which these observations were iqaxle, 
he conducted during his residence at Calcutta. 
M. Planer 0^ Erford likewise states some obser- 
vations which Uiearly coincide with the above. 
From these it would p^ppear, that between ten and 
two o'clock both of day and night, that is, for 
two hours before and two hourj^ after thjc sun is 
on the meridian, the elevations of the haxovnir 
ter are less than at any other time of the day ; 
and tliat between six and tan in the morning, 
and again between six and ten at nightt, tlidr 
elevations and depressions are greatest. . M. 
Chanvallon observed the same, cireumstanAe 
during his stay in Martinique ; the mercury 
rises all the morning; towards midTday it, her 
gins to decline, and continu/?s to fall till sun^ 
set ; it then be/comes stationary as night' ap- 
proaches, previous to its rise, so that it is 
Jiigher at ten at night than it was at seven or 
eight o'clock tlie preceding n;>orning : it conti- 
nues to rise till midnight, and then falls till the 
day breaks, when it again begins to ^ise as on 
the former days. The same fact had been ob- 
served at Surinam sixty years before. And M. 
pictet of Geneva, from experiments coflduptcd 
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in that place, found, that the baromctef stood 
always higher in the mornings and evenings 
than about mid-day. This observation is con- 
formable to those already taken notice of, and 
probably depends on a similar cause. — See M6- 
moires de la Society des Arts de Geneve, tom, i. 
S2de partie, A similar fact is taken notice of by 
Mr Hersburgh, in the Phil. Trans, for 1 805, at an 
elevation of about thirteen feet within the torrid 
zone, the mercury being highest from about se» 
ven to nine in the morning, from noon till fimr 
P. M. it fdlls, being then lowest : it gradually 
rises again till midnight ; from that time till six 
A. M. it falls. The diurnal variation of the bflu 
rometer at sea does not correspond with those 
on shore, though a^ periodical revolution has 
been likewise perceived to occur in that situa^- 
tion. By a series of experiments, conducted 
by various persons in different places, and which 
are related by Cotte, it appears, that tl>e tenden* 
cy of the mercury to rise is greatest from a few 
hours after mid-day till night, when it is at it| 
height. It is to be remarked, that the period 
of ascent in these instances is earlier than in 
those of the philosophers above mentioned. 
Pere Cotte found^ that the difference of height 
at its greatest ascent, to what it is at the com- 
,inencenient, amounted to -5^, though in sonic 
situations the barometer stood highest a few 
hours past noon. 
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There is likewise another period when varia- 
tions of the barometer are more remarkable 
than at any other time, which is supposed to 
depend on -planetary influence, as these most 
frequently occur at the great lunar periods. It 
has beeii a general observation, that the mercu- 
ry always tends to ascend during an eclipse. 
Perc Cotte found, that the barometer had a teur 
dency to descend at every new apd full moon, 
and that it inclined to rise at the quarterly 
periods. Toaldo found, that a greatei* eleva? 
tion of the barometer takes place at the 
quarters than at the syzygies : it is less when 
the moon is in the northern signs than when 
in the southern. The mean diurnal height 
which corresponds to the tropic of Cancer, is 
less by the quarter of a line than that which 
fcorresponds to the tropic of Capricorn. The 
elevations are greatest when the moon is in the 
equinoctial points. The elevation of the barb- 
meter is greatest when the moon's apsides hapt- 
pen in the equipoctial points ; and it is least 
when these oc<3ur in the solstitial signs. And 
there are vacillations in the mercury when the 
new or full moon corresponds with the apogean 
or perigean points. He likewise ascertained, by 
the industry of forty years' observation, that at 
the period of the moon's apogeum, the barome- 
ter rises 0.015 of an inch higher than during 
the perigeum : it rises 0.008 higher at the time 
pf the quadratures than during the syzygies; 
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and it stands 0.022 of an inch higher at every 
lunation, when the moon comes nearest our ^e- 
nith. Mr Howard, by examining the meteoro- 
logical register of the Royal Society, says,- ** it 
appears to me quite evident, that the atmosphere 
is subject to a periodical change of grayity^ 
whereby tlie barometer, on a mean of ten years, 
is depressed at leaSt one-tenth of an inch, whiit? 
the moon is passing from the quarters to the 
full and new ; and elevated in the same propor- 
tion during the return to the quarters,** — ^Philo- 
sophical Magazine, vol. vii. These observatioiia 
have been confirmed by Cotte, from a survey of 
thirty-five years. It likewise lias been frequent-r 
ly observed, that the quicksilver sinks eonsider- 
ably before high tides, especially ^t new or &U 
moon. M. lambert, in his essay on the Cause 
bf Wiads, likewise supports the opinion of the 
moon's influence over the atmosphere. He 
found, by tlie experience of ten years, tliat the 
mean height of the barometer, when the moon 
was iu her perigean point, surpassed the moaii 
apogean height, every time the apogeum was in 
the equinoctial ; but when it was in the sobtii- 
tial signs, it was exceeded by tlie apogean height. 
Pere Cotte lias dmwn up two tables, from the 
experiments of all those who liave written upon 
this subject ; and he finds, that the soutli lunisr 
tice and the perigeum are the points wliich have 
most influence in varying the gravity of the at- 
mospliere, and that the full moon and declining 
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equinoctial points have least influence. M. Cas- 
san likewise perceived, that the barometer rose 
two-thirds of a line twice every twenty-four 
hours in St Domingo ; and this rise always cor* 
responded with the tides of the ocean. Similar 
Ciircumstances to the above have been also ta- 
ken notice of by others, as M. Mariotte, Fouchy, 
mid De La Lande. 

There are certain conditions of the atmo- 
l^phe^^e which are always accompanied by some 
remarkable deviation of the barometer from its 
Qiean point ; these are of considerable interest, 
4IS they assist us in investigating the causes of 
Ihe general )*ange. The mercury gefxerally 
4E(tands high in serene weather, and falls pre«- 
vious to rain and high winds : it rises during 
ihe prevalence of an east or north-east wind, and 
likewise during frost : during a tempest it un-r 
dergoes great oscillations, and sinks suddenly 
before it happens to come on. The barometer 
generally stands low when the air is calm, not 
-plear, and seemingly inclined to rain : its d6- 
pression is greatest when the wind is south, and 
during a hurricane : it is generally lower in 
#ummer and durmg wann weather, than in win- 
ter or in cold weather, and stands highest in 
both seasons during fair weather: it is, however, 
to be observed, that these variations depend 
considerably upon situation and climate. Mr 
Copland has found the rise of the barometer in* 
dicate a temperature greater than the monthly 
mean; and that tlie temperature is below the 
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mean, when the barometer stands low* This 
observation has not been confinned by any 
other person, and it has been probably influen- 
ced by some circumstances partially affecting the 
gravity of the air, and transitory in their opera- 
tions. 

Having gone over the most remarkable varia- 
tions of the barometer, with the situations alnd 
times when these are most evident ; the gene- 
ral causes by which they are produced coioe 
next to be considered. It seems probable, that 
the range of the barometer is not always affect- 
ed by the action of a solitary cause : its varia^ 
tions oftcncst occur, from the combined influ- 
ence of several agents : but these will be com- 
prehended more readily, when treated of under ' 
the following heads. The first, and seemingly 
the most general cause, is a change in the tem- 
perature of the atmosphere, either giving rise 
to an increase or dimhiution of its density. The 
second cause depends on the state of the air^ 
in respect to the proportion of humidity it con- 
tains, and the state in which that humidity ex- 
ists in it. In the third place, winds blowing 
from different points, are known to affect the 
ranffe of the barometer in different wavs. Elcc- 
tricity has b(*en supposed to have a powerful 
influence over the condition of the atmosphere, 
and it has been therefore regarded of late years- 
as having a considerable effect in causing varia- 
tions in the ran<j:e of the barometer. And 
under the fifth and last head, we have to inves* 
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tigate the lunar influence, as a cause conspiring 
to produce the same effect. 

In entering into an examination of tliose 
causes, it will become evident, that some cir- 
cumstances respecting the natural history of the 
atmosphere will be consequently anticipated ; 
but we shall be caieful to avoid the minute dis- 
cussion of principles which have not been pre- 
viously explained. 

The atmosphere enjoys its temperature prin- 
cipally from the rays of the sun, and as its den- 
sity depends in a great measure on the quanti- 
ty of caloric with which it is combined, it con- 
sequently - varies in this respect, according to 
season and latitude. The influence of the sun's 
rays being nearly of the same force at all times 
within the tropics, and the velocity of the 
earth's motion round its axis being greatest at 
the equator, the expansion of the atmosphere 
within these latitudes, must be neaily the same 
at all seasons. 

The atmosphere over the line being there- 
fore more rarefied than in any other climate, 
its column will on that account reach propor- 
tionally higher : its expansion must likewise 
diminish in receding from the tropics, the 
calorific rays of the sun striking the earth's sur- 
face in a direction gradually more oblique, while 
the centrifugal motion of the earth lessens in a 
similar degree ; the column of air being thcre-t 
fore more dense, must decline in height towards 
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the poles. For these reasons it has been inut* 
gined, that the atmosphere surrounds the earth 
in form of an inclined plane, sloping from the 
equator to the poles, where it is of the greatest 
density. But although there is every reason to 
believe, that this is the general figure of the 
volume of the atmosphere, it is nevertheless evi* 
dent, that this form must vary according to the 
particular position of the earth in her orbit, and 
that it can only perfectly exist at the equinoxial 
periods. On this theory it is evident, that th€ 
permanent density of the air within the arctic 
circle, jnust be nearly as constant as the rarefied 
state of that within the torrid zone ; it is ow- 
ing to this circumstance, that the range of the 
baronieter does not increase after passing a cer-^ 
tain latitude, except so far as local circumstan* 
ces may havje an influence. The power of tibe 
causes which operate in rarefying the atmosphere 
within the tropics, is felt even for several dc^ 
grees beyond their Umits : within, this space^ 
therefore, the range of the barometer does not 
gi-eatly differ from what is experienced to occur 
in it near to the line ; but about the 38' or 40* 
of latitude in both hemispheres, the effects of 
the cold of winter begin to be more severdy 
felt for a short time in that season • while, again^ 
tluring summer, those climates ate exposed to 
tlie power of an almost tropical sun ; these va-^ 
nations of temperatui-e, causing a considerably 
greater difierence in the density of the air at 
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tlwese difFerent seasons, the range of the baro- 
meter becomes therefore tiecessarily greater. In 
receding from the tropics, the tempemture of 
the summer diminishes, at the same time the 
duration and in tenseness of the cold in winter 
increase, till at length the endurance of winter 
greatly exceeds that of summer weather; there- 
Ibre the range of the barometer increases till a- 
bout the 50"* N. lat., where the length and 
warmth of summer, and severity of winter, ap- 
proach nearer in temperature to those seasons 
in the higher latitudes. In climates stretching 
from the 50® N. lat. towards the pole, there 
being therefore less diffei-ence between the con- 
dition of the air during its rarefied state in sum- 
mer, and the density occasioned in it by the 
colds of winter, the range of the barometer does 
not take place to the extent it does in the for- 
mer latitude^. It is in this way that we ac- 
count for the variation of the barometer being 
greatest in latitudes intervening between that 
space where the temperature of the climate par- 
takes of the temperature of the torrid zone for 
the greatest part of the year; and where the tem- 
perature of the climate begins to be affected 
more constantly by the frigidity of the boreal re- 
gions. 

In northern climates, during summer, a de- 
gree of heat is frequently experienced for a short 
time, equal to what is felt near to the tropics j 
the thermometer having been known to rise in 
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the fonner situation to even 70* ^d 80** of 
Fahrenheit. It is owing to the M^rmth of a few 
weeks in this season, that the range does not^ 
suffer a remarkable decrease froiii about the 50* 
N. lat. in going towards the poles. Were it 
otherwise, \\ c should expect to find the range 
of the barometer equally limited as it is percei- 
ved to be under the equator j as the permanent 
density of the air nmst have had as great an ef- 
fect in keeping the mercury at a constant height^ 
as that of a continued state of rarefaction^ 

It seems likewise very probable, that the 
temperature of the atmosphere has a considera* 
blc influence in causing the diurnal range of the 
barometer. By the observations quoted above, 
we find, tliat the mercury stands lowest during 
that time of the day when the power of tlic 
sun's rays are greatest ; though it is not impro^ 
bable, that other causes may also frequently 
operate in bringing about these variations. These 
have been also imputed to the effect of planeta-* 
ry influence ; but it is impossible to account for 
their regularity by this cause- The moon doe» 
not cross the meridian uniformly at one time.^ 
and from this deviation in its course, its co-ope- 
ration with the attraction of the sun can have 
no regular effect. Nevertheless, M* Hemmar of 
Erfurt does pot seem to think tlmt the quicksil-' 
vcr of the barometer is even varied by heat y 
1st, When the sun passes the meridian, the ba- 
rometer, if in the act of tailing, continues ta 
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fall, and the falling is accelerated^ ^ Sdlyj Wlien 
the sun passes tlib meridian, the baaonieter^ if 
in the act of risingi^ falls or becomes stationary , 
or rises more slowly. 3dly, When the sun pass- 
es the meridian, the barometer whidi is station- 
ary falls, if it has not risen before or after hemg 
stationary ; in whidi case, it usually beconjes 
stationary during the sun's passage. M, Cassaa 
lias ascertained; by experiments conducted in 
the island of St Domingo, that the barometex 
sinks only one half for every two hundred feet 
of elevation, in that country, of what it is found 
to do in the temperate climates of Europe. 
This circumstance lis evidently, owing to the 
great rarefaction, and the consequently increa- 
sed length of the column of the atmosphere 
within the tropics ; therefore, an elevation of 
two hundred feet does not cut off a portion of 
air in the« 1 8° N. lat. equal in weight to the 
same portion in latitudes neai'er to the poles. ; 
for the colunm over these cannot he so. highly 
rarefied even by the heats of summer, on account 
of the resistance occasioned by the density of 
the superior strata. 

Future obsen^ations may probably show, that 
similar experiments to those of M. Cassan will 
afford a variation in the fall of the barometer, 
at different heights in different latitudes. From 
what has been premised on the general effects 
of caloric, it will be readily understood, why the 
barometer stands low in wann weather, and ri- 
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ses while an opposite temperature prevails. A 
portion of air, whatever may be its temperature, 
can only displace another quantity equal to its 
own volume : thus, a column of cold dense air 
occupying the space previously £illed with an 
atmosphere of an higher temperature, will cause 
a proportionate ascent in the iMarometer, by add-f 
ing an increase of pressure to the atmosphere 
which supports it<. These are the principal e& 
fiscts of temperature in causing variations in the 
barometer ; but it is to be observed, that this 
cause acts rarely by a direct influence on the 
air, and that it most frequently occasions chan-r 
ges in the gravity of this fluid, by enabling }t 
to iretain a greater proportion of vapour. Heat 
is likewise a powerful agent in giving rise tq 
ivinds ; and in this way also, its power over the 
range of the barometer must be the greater. It 
is not the uniform temperature of climates 
within the tropics, but the constant blowing of 
the winds from one point of the compass, which 
M* Saussure supposes the chief cai^se of the 
steadiness of the barometer in those latitudes. 

The next cause of variation in the barometer 
arises from the quantity of vapour contained in 
the atmosphere at difi^erent times. It has been 
observed, that the barometer sinks in serene 
weather, and is lowest during the prevalence of 
a south wind : a current of air from this point 
being always warmer and more rarefied, its spe- 
cific gravity is consequently diminished in pro- 
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portion. Caloric, besides having the power of 
causing the expansion of the air, has likewise 
the power of augipenting the evaporation of 
water from the earth's surface. It will be after* 
Avards shown, that water exists in the atmo- 
sphere in the state of vapour only, a colourless 
fluid, which is of less specific gravity, and con* 
sequently more elastic than common air. It is 
in this way found, that an equal portion of va- 
poury air is less dense than a similar portion of 
air not. so impregnated, though at the same tem- 
perature. The quantity of the atmospherical co- 
lumn being diminished, by the co-operation of 
the abovcrmentioned causes, its effects on the 
barometer Avill continue the same, while the va- 
pour it contains retains its elasticity and tem- 
perature ; but when, from any other cause, the 
vapour is condensed, the barometer immediate- 
ly tends to rise. Vapour, in resuming the state 
of a liquid, is supposed to be previously conden- 
sed into an intermediate condition between its 
elastic and dense state : this has been called 
vesicular vapour by Saussure, its form being 
that of minute pellucid vesicles. These are of 
much greater specific gravity than elastic va- 
pour, and approach in this respect nearly to that 
of the atmosphere. The attraction of these ve- 
hicles for each other is also greater than what 
exists between them and the air in which they 
float : they therefore gradually collect into 
masses or clouds. In this way, they occupy 
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much less room than when in the more elastic 
state ; consequently, the weight of the column 
of the atmosphere becomes greater. The baro- 
meter is therefore found often to rise when the 
air is obscured with fogs, and bther\vise loaded 
with vesicular vapour. But when the causes I of 
condensation are more forcible, and the vapour 
thereby reduced into the liquid ^tate, as in rain, 
the volume of the stratum of the air being jpnn 
portionally diminished. by this occurrencCj the 
density and weiglit of the entire atmospherical 
column is in this manner increased. The baro« 
meter therefore rises immediately on the com^ 
mencement of rain, and sometimes previous to 
its fall. 

The doctrine established by Leibnitz, in the 
Memoires de FAcademie d^s Sciences for 1711, 
affords a farther illustration of the abovCrmenr 
tioned theory. That philosopher has sho^ii, 
that a foreign body floating in any liquid, causes 
a corresponding increase of weight; but as soon 
* as the body begins to be precipitated, the weight 
of the liquid is no longer affected by it. NevCTf 
theless, the very ingenious Saussure, in his essay 
sur I'Hygrometrie, p. 400, &c, adduces some 
experiments, which tend to show that variar 
tions in the state of tlie barometer are rarelv 
occasioned by tlie existence of water in differ^ 
tnit proportions in the atmospheiXJ : he has cal- 
culated the specific gravity of vapour to.be to 
that of air, at the same temperature, as 10 to 14 iu 
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and the Aveight of a given volume of pure air 
to that of the same quantity saturated with wa- 
ter, as 765 to 76 1 , — a quantity which he suppo- 
ses insufficient to elevate the barometer more 
than two lines. In confirmation of this opinion, 
the same ingenious philosopher quotes the ob- 
servations of the Marquis Poleni respecting the 
effects of rain on the state of the barometer at 
Padua, continued during twelve years : out of 
1175 instances of falls of i-ain, the, barometer 
sunk only 758 times, being i545 to 1000. The 
observations of Van Svvinden tend to confirm 
these experiments, he having found at Frane- 
ker. in Friezland, that the predictions of rain by 
the barometer were as frequently deceitful as 
true. For these reasons, he is inclined to im- 
pute variations in this instrument, as especially 
Qwing to the effects of heat and winds, these 
being the most powerful and frequent causes of 
altering the density of air : at the same timp, 
be does not entirely exclude the influence of 
vapour as tending occasionally to produce a si- 
milar effect. 

It is the opinion of the ingenious Mr Dal ton, 
*^ that cold alone, independent of any other cir- 
cumstance, has not a tendency to increase the 
mean weiglit of the atmosphere over any place ; 
for if it had, the mean state of the barometer 
would be higher in winter than in summer, con- 
traiy to experience : if, therefore, the mean 
state of the barometer be lower in the torrid 
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than frigid zone, it is most probably effected by 
the vapoury air." But allowing that the baro- 
meter is lowest during winter in these cliniates, 
we are not to conclude against general experi- 
ence, by^^serting, that a low temperature . has 
no immediate effect in rendering certain tracts 
of the atmosphere more dense. 

The fact from which Mr Dalton seems to 
have inferred his opinion, can be, Avith greater 
facihty, explained on principles more agreeable 
to general observations* In Britain, a souther- 
ly or westerly \yind prevails during winter, and 
as the current of air from either of these pcxnts 
is much Avarmer, the weight of the column of 
the atmosphere is thereby diminished. No doubt 
the greater quantity of vapour raised in every 
maritime situation during winter, will likewise 
tend to the same effect. But Mr Dalton's own 
experience seems to militate considerably against 
the opinion above stated. He mentions, that 
the barometer stood higher in January 1789, 
than it had been for five preceding years : and 
this occurred during a long and uninterrupted 
frost, and when only 1.643 inches of rain and 
snow had fallen for seven weeks before ; " clear 
proofs of the prevalence both of cold and dry 
air." He likewise found, that the lowest ex- 
treme was in January 1789, two weeks after the 
above high extreme, and " was accompanied 
with a strong south and south-west wind and 
heavy rain." JMr Dalton imj^utes every varia- 
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tion of the barometer to the quantity and con- 
dition of the vapour in the atmosphere : al- 
though this is certainly a very general cause, 
and its influence perhaps cannot be separated 
from that occasioned by temperature, there may 
be some instances where they operate separate- 
ly, as in the observation he lia$ himself made. 

It has * been observed, that winds occasion 
great variations in the barometer ; south winds 
on the north side of the equator, being always 
followed by a sinking of the mercury, as they 
blow from regions where the air is warmer, 
more rarefied, and containing a greater propor- 
tion of vapour tlian the atmosphere in the lati- 
tudes over which they spread. North and 
north-east winds raise the barometer by an op- 
posite eftect : as they flow from regions where 
the heat is much less^ they are of course more 
dense than the air. over more southerly lati- 
tudes ; hence arises the ascent of the barome- 
ter during the prevalence of these winds. From 
what has been already observed respecting the 
influence of the temperature of the air in cau- 
sing variations of the barometer, the effect of 
winds in this respect will be readily under- 
stood, as they only effect similar changes in 
certain tracts of the atmosphere, according to 
their temperatures. Storms are merely to be 
considered as winds blowing with greater 
strength, their causes being shiiilar, but opera- 
ting witli i^rcatcr force, a more considerable 
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portion of the atmosphere being thereby invol- 
ved : storms are therefore supposed to originate 
in tracts of the air greatly more elevated than 
where winds of moderate force take their ori- 
gin ; and the most violent storms that occur 
in Europe, are almost always from a point of 
the compass where the atmosphere is most ra- 
refied. It seems probable, that the sudden 
sinking of the barometer previous to their oc- 
currence, will be in a proportion to the extent 
of the operation of these causes, and the dis- 
tance at which they act from the point of. ob^ 
servation : the oscillations of the mercury will 
therefore be frequently perceived long before 
the effects of the storm are experienced be- 
low. 

These elementary commotions have of late 
years been ascribed to the sudden destruction of 
a portion of the atmosphere itself within the 
polar circles : the contiguous air, rushing in 
with violence to fill up the vacuum, has been 
supposed to give origin to all these appearances, 
Tliis hypothesis was perhaps originally suggest* 
ed by the late ingenious Dr Darwin, but there 
has not been even a solitary instance of its pro- 
bability brought forward to establish the opi- 
nion, by any of those who have embraced it ; 
nor docs it appear consistent with the economy 
of nature, that such an occurrence should ever 
happen ; neither does there seem to be any 
cause sufficiently powerful to a^mihilate sudden- 
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ly a portion of the atmosphere, so as to occasion 
a commotion in it equal to produce the storms 
so frequently experienced. The changes which 
the atmosphere undergoes iii the general econo- 
my, are slow and uniform ; and such is the care 
of Providence in preserving the properties of 
this fluid, that its principles, which occasionally 
disappear, are again supplied by processes equal- 
ly general and pennanent. 

Beccaria, in his Letters on Electricity, sup- 
poses, that the electric fluid abounding in the 
air occasions some alteration in its density : he 
perceived the mercurial column to descend on 
the occurrence of a flash of lightning ; still he 
does not suppose that its effects in this way 
can be either great or permanent. Indeed so 
little is known of the power of electricity iip- 
on the air, that nothing certain can be advan- 
ced on the subject. However, M. Manduyt, 
in the M^moires de la Soci^te Royale de Me- 
dicine, for 1776, observes, that the barometer 
frequently ascends, as the electricity of the air 
' becomes weaker, and that it falls in like man- 
ner when its electric state becomes stronger; 
upon the whole, he does not think that the 
jclectricity of the air has an immediate effect, 
either in the barometer or thennometer. 

The supposed influence of the moon over the 
atmosphere, is an opinion handed down to us 

from the earliest antiquity : it has been found 
agreeable to common observation in eveiy age 
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anid country ; yet the peculiar agency of that 
planet, in occasioning changes on the state of 
the atmosphere, is not yet accurately determi- 
ned, though the subject has been Carefully in- 
vestigated by men of great talents and ingenui-^ 
ty. When treating of the properties of heat^ 
we had occasion to relate some experiments 
which evidently prove that the effect of the 
moon upon the atmosphere does not arise from 
tlie communication of caloric^ as the slightest 
rise of temperature could not be perceived when 
its concentrated rays were thrown upon the 
bulb of a delicate thermometer. The geneml 
opinion that is now entertained, of the moon^s 
influence in causinjf variations in the density of 
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the atmosphere, is that of gravitation, supposing 
that it acts in a manner similar to the power it 
exerts in causing tides in the ocean. This 
theory is strcnuously supported by Toaldo and 
the celebrated Lambert. There are many cir- 
cumstances which incline us to believe in the 
correctness of this opinion, although its influ- 
ence over the air is apparently less, on ac- 
count of the less density of this medium : but 
from the experiments already related, there can- 
not remain a doubt, that accumidations, or tides, 
in certain portions of the atmosphei'e, do take 
place, corresponding to particu-lar lunar points : 
probably daily accumulations occur in the at- 
mosphere, but, owing to its great tenuity, and 
our position on the earth's surface, it is im{x)Sr 
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sible to render such evident. In the more dis- 
tant periodical variation;3 of the atmosphere, it 
agrees with the tides of the ocean : the tides of 
the latter are greatest twice every month : tliey 
are likewise increased at four diflferent periods 
of the year, at the equinoxes, and solstices ; 
and at all these periods the atmospherical accu- 
mulations are seemingly increased : in this way^ 
the tides of both so tar correspond. This in- 
fluence of the sol lunar attraction over the at- 
mosphere, must be likewise most remarkable 
within the tropics : this having beefn also sup- 
posed to operate in giving a permanency to the 
current of the trade wiAds. 

The late ingenious Professor Robison has re- 
marked, that were there a tide in the atmo- 
sphere, it must necessarily take a westerly direc- 
tion, on account of the corresponding westerly 
current in the tides of the ocean, and that the 
increase of the tides of the atmosphere would 
be 120 feet, were its height equal to the radius 
of the earth ; but he does not admit, that the 
height of the atmosphere is so grea^ as to give 
rise to so high tides : indeed, he says, " they 
cannot sensibly exceed those of the ocean, and 
this cannot change the height of the mercury 
in the barometer --i^ of an inch." However, 
the facts we have already mentioned, afford us 
good reason to presume, that periodical accumu- 
lations do take place; and even the small de- 
gree of variation in the barometer, as allowed 
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by Dr Robison to be possible, is quite sufficient 
to mark this circumstance. 

The Abb6 Mann, as well as some other inge- 
nious men, suppose, that the united . effects of 
the attiaction of the sun and moon must elevate 
the earth's atmosphere, and extend it in the 
inverse ratio of the square of the distance, so 
as to make it take the fonn of an oblong sph^- 
riod, the greater diameter of which will always 
follow the sphere of attraction. 

It has been always observed, that changes in 
the weather bear some reference to thejgreat lu- 
nar periods ; and the influence of the moon has 
' been thought to have a considerable effect on 
living animals. Physicians have frequently at- 
tributed to the lunar power, the aggravation of, 
and even the cause of diseases, — ^an opinion 
which is rendered probable, in a certain degree, 
from late observation in different parts of tlie 
world. Aristotle observes, that the coldest and 
driest weather occurs during the first fifteen 
days of the moon,— an opinion which is con- 
firmed by Macquer, Avho likewise found, that 
thaws and warm weather happen more frequent- 
ly in the latter fifteen days. Winds are obser- 
ved to be highest about the time of an eclipse, 
and about the equinoxes : at Hudson's Bay, it 
is observed, that the cold becomes more in- 
tense a few days before new and full moon : it 
may be finally remarked, that the continual va- 
riation of the atmosphere, in point of density 
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and elasticity, from a variety of causes, — its 
excessive tenuity and facility of motion, and 
probably the influence of electricity in altering 
its condition,-^— may long bafiie the efforts of phi- 
losophers, in their attempts to decide this ques- 
tion with precision. 

Before we dismiss the investigation of the 
causes of variations in the barometer, it is ne- 
cessary to attend to those circumstance which 
produce a difference in the range of the barome- 
ter in corresponding latitudes in Europe, and of 
Asia and America. The ingenious Dr Kii'wan 
supposes, that this density is occasioned by a 
quantity of air continually ascending within 
the torrid zone, which, at a certain degree of 
elevation, takes a direction towards the poles, 
in consequence of the declivity of the plane of 
the atmosphere; and as it occasionally lingers 
over the high grounds of Asia and America, it 
necessarily increases the weight qf the column 
below, and thereby raises the mercury in the 
barometer. This opinion is extremely plausi- 
ble, and has therefore been generally embraced; 
but the accuracy of the explanation still ap- 
pears very doubtful. That there is a circula- 
tion of the atmosphere from the poles to the 
line, and in the opposite direction, will not be 
questioned, even by the most superficial obser- 
ver*; but, as we proceed in this investigation, it 
will be found, that the circulation of the air in 
the manner imagined by Dr Kirwan, can only 
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take place in a very partial degree, and is by xia 
means equal to produce tlie effects he ascribes 
to it. It may be remarked in tliis place, that 
the very rarefied state of the atmosphere in the 
upper regions of the air over the torrid zone^ 
in consequence of the diminution of pressure, 
must eifectually prevent any extensive circula- 
tion of it in tliis way. The medium tempera-i 
tare of the climate all along the western coast 
of North America, is also less than in the same 
Ij^titudes in Europe; the changes, likQwise, 
from lieat to cpld are more sudden; andliaving 
gommenced, the temperature is more perma- 
nent. It seems tlierefore to be owing to the 
mpid succession of different temperatures, that 
the fluctuations of fhe barometer are there ob- 
served to be greater ; and to the continuation 
of a more intense degree of cold during winter, 
that the barometer stands higher in those lati-^ 
tudes during that season. In the same manner, 
an immediate succession of a hot vapoury air in 
spring and summer, induces a corresponding 
low state of the thermometer througli these sea- 
sions. This opinion seems tQ receive some proofs 
by the facts contained in the following table, 
taken from A^olnev's View of the Climate of 
Ameiica. 
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Latitude, 

% 


Maximun 

.of cold. 


Maximum 
of heat. 


Scale of 
variation. 


Rome, 
Marserlles, 
Padua, 
Salem, in 
America, 


4l° 53' 
43* 17' 
45° 22' 

42* 35' 

1 




4 

10 

19t 


24 

25' 

29 
314- 


24 
29 
99 

• 

51 



It has been shown, that the mean weight of 
the atmosphere is nearly the same in every lati- 
tude on a level with the ocean, though it is not 
of an equal height in every climate ; as the al- 
titude of the atmosphere in every country must 
• vary according to the elevation of the land a- 
hove the sea-shore. Its column being shorter 
on the tops of mountains, thei'e follows a cor- 
responding diminution in the range of the ba- 
rometer. This seem& to be likewise owing to 
the greater uniformity of temperature of the 
air over such situations in all seasons. In hilly 
ccyuntries, however, the range of the barometer 
in the low grounds is always greater than in 
places tliat are level, and not interrupted with 
xnountainous tracts : in the former situations, 
the density of the atmosphere is liable to be 
suddenly altered by the volume of cold air de- 
ascending occasionally from the high grounds ; 
"while, at other times, the atmosphere over the 
valleys becomes frequently more rarefied, by the 
greater reflection of the sun's rays from tlir 
sides of the mountains. 
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When we come to treat of the temperature of 
the atmosphere, we shall have occasion to men- 
tion several circumstances, wliich conspire to 
render the eastern coast of Asia much colder in 
winter, than parallel latitudes upon the western 
sliores of Europe. In this way, the height of 
the barometer is much greater during that sea- 
son, in consequence of the greater density of 
the atmosphere. In summer, again, from the 
immense extent of land, and prevalence of 
westerly winds, the heat of these climates is 
probably greater than those of Europe, and, of 
course, the range of the barometer must be pro- 
portionally greater. 

It has been observed, that the highest state 
of the barometer takes place in our climates 
during w inter. This does not appear to be en- 
tirely occasioned by the denser state of the at- 
mosphere at that season; it is probably in a 
great measure owing to an accumulation of the 
atmosphere over our hemisphere, whiqh is then 
most inclined. For, even admitting that the 
atmosphere surrounds the earth, in form of two 
declined planes ; in consequence of its specific 
gravity, and its extreme susceptibility of mo- 
tion, this particular figure must vaiy according 
to the sun's position in the ecliptic. It is owing 
to this circumstance alone, that the quantity of 
our atmosphere is actually greater during win- 
ter' ; consec^uentlj^ the range of the barometer 
5>hould be greater in that season, and its mean 
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lieiglit should be likewise higher. Again, 
during our summer the air is accumulated over 
the southern hemisphere, whidi, by diminish- 
ing the quantity of the atmosphere over the 
northern division of the globe, lessens the range 
of th€f barometer, and causes its mean point to 
stand lower than it otherwise would do. 



SECT. IIL 

OF THE TEMPERATURE OF THE ATMOSPHERE, 
AND OF THE CAUSES OF VARIETIES OF CLI- 
MATE, &C. 

An opinion seems to have prevailed in early 
times, that the heat df the atmosphere is great- 
est in its superior regions, and that it is more 
humid and cold the nearer to the earth s surface. 
This idea even continued in a considerable de- 
gree till the days of Mr Boyle, and was proba- 
bly first suggested by perceiving the tempem- 
ture of the air always corresponding to the 
sun's position in the ecliptic; an observation 
Av^hich would naturally lead many into this opi- 
nion, as it was made at an aera when the know- 
ledge of the properties of the air, and of the in- 
fluence of the solar rays, were too limited to en- 
able them to form an accurate idea of the man- 
ner of their operation. Yet actual observ atioji 

Vol. I. H 



1 14 OF THE TEMPERATURBj &C. 

has confirmed the reverse of this statement; 
and there is no fact better ascertained; than that 
the temperature of the atmosphere, decreases in 
proportion to its elevation above the earth's 
surface. The sun's rays are the principal source 
from whence the air is supplied with heat, 
though it is admitted, that the influence of the 
changes in the condition of the vapours that 
are frequently found mixed with it, may add 
occasionally to the same effect. But it is an 
investigation into the influence of the former 
cause, that falls especially to be considered here. 
The rays of the sun, in passing. through a tran- 
sparent body, do not impart he^t to it,, other- 
wise they would communicate a portion of ca- 
loric to the atmosphere, as soon as they begin 
to penetrate that medium. It was tlierefore 
considered as a very interesting sulyect of in- 
vestigation, during a considerable period of last 
century, in order to ascertain in what particular 
manner the atmosphere acquires its tempera- 
ture ; and it is now generally agreed, that the 
sun communicates wannth to this medium^ in 
consequence of the reflexion of his rays from 
the earth's surface. 

Lord Verulam has anticipated M. Bouguer in 
the merit of this discoveiy, which satisfactorily 
explains the cause of the higher temperature of 
the lower strata of the air, and why the heat de- 
creases in proportion as we ascend in it. The low- 
er stratum acquires its temperature, not only by 
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having the sun's heat communicated to it in the 
form of reflected rays, but likewise, by remain- 
ing in contact with the earth, wliich is a good 
iConductorof heat, and must therefore be general- 
ly ill a state giving off this fluid: but as tlie air is 
a bad conductor of the matter of heat, it is but 
slowly propagated through its superior regions ; 
it is therefore generally supposed, that the;. at- 
mosphere conmiunicates, hieat through its diif/gr- 
ent strata, in consequence of its power of car- 
rying this fluid. Were the atmosphere a gQod 
conductor of caloric, it must. have speddily ac- 
quired a A'ery rhigh degree , of . temperature 
through its wliole extent^ as the matter of beat 
must have accumulated much faster, tlian it 
could be imparted to other bodies : it would 
tlucreby have rendered the earth vminhabitable. 
The temperature of the atmosphere is found to. 
diininish so remarkably as we ascend in it,.that 
on arriving at a certain elevation: in every lati- 
tude, a degree of cold is experienced always be- 
low the freezing point. This has been called 
by Dr Kir wan the term of perpetual congela- 
tion ; but although this temperature prevails at 
certain heights in every climate under the e- 
quator, as well as within the arctic circle, it is 
to be observed, that this term does not occur 
at an etjual height in every latitude : it not on- 
ly differs according to latitude, but it varies 
likewise in the different seasons of the year in 
everv climate distant frpm the. equator. In. 
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Bougoer. 
.'«efi.iK 9*1- 



*rtf7, p. SSO. 



the t 
of conge*, 
.ude 28® being . 
1 this and 32® is 40* ^ 
40° 3 : 12072. In this way j^^ 
aC followinjr table. * 



*BLE o/' /Ac Lower and Upper Tenn oj 

Congelation. 



1 


Mean Height of 


Mean Hei^t of 
the Upper Term 


Latitifd^ 


the Lower Term 




of Congelation. 


of Coogehtion. 





15,577 


28,000 


5 


15,457 


27,784 


10 


15,067 


27,084 


15 


14,498 


26,061 


20 


13,719 


24,661 


25 


13,030 


23,423 


30 


11,592 


20,838 


35 


10,664 


19, 169 


40 


9,016 


16,207 


45 


7,658 


13,730 


50 


6,260 


11,253 


55 


4,91 a 


8,830 


60 


3,684 


6,546 


65 


2,516 


4,676 


70 


1,557 


2,809 


75 


748 


1,346 


80 


120 


207 



lis 
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consequence of tlie permanence and intcnsena 
of the heat which prevails near the hnc, 
terai of congelation is gi'eatly more elevated 
there than in any other latitntle ; and it is 
found lower in the atmosphere, as we approad 
either pole, where, for the greatest part of 1 
year, it is nearly equal with the earth's surfaC( 

Bouguer found, that it begins to fre^ 
on ascending Pinchinca to the height 
15,577 feet. Saussure peiceivcd the tempera 
tureof the air to be at the freezing temi, when 
lie had ascended the Alps to the height of 
13,428 feet. At Auvergiie m France, 
freezing point is found at somewhat more thi 
7000 feet above the earth's surface. In Britai 
during summer, it is from about 5000 to 60i 
feet abo\'e the surface ; and it is owing 1 
lowness of that point in tlie atmosphere, tliat 
snows are frequenti}' seCn to remain on tlie to(JS 
of our highest mountains during summer : it is 
in consequence of the declining temperature of 
the air according to tlie ascent, that temperate 
climates are found under the line, in every I 
spect possessing all the advantages of thd 
without the tropics. 

The following table from Dr Kirwan's inge- 
nious treatise on the Temperature of Climates, 
shews at one view the height of tlie term of 
dCongelation in ditferent latitudes : it is the re- 
sult of a calculation founded on the most cor- 
jrect observations, and is therefore presumed |^| 
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be as accurate as the nature of the investiga* 
tion will admit. He first ascertained the mean 
annual heat of any latitude, and then calculated 
the difference between it and the freezing point. 
In this way, the mean heat of the equator be- 
ing found to be 84^ the difference between it 
and 32% the point of congelation, is 52^; the 
mean heat of latitude 28® being 72® 3, the dif- 
ference between this and 32® is 40^ 3 ; then', 
52®: U577::40^ 3: 12072. In this way he 
drew up the following table. * 

Table of the Lower and Upper Term of 

Congelation. 





Mean Heig^ht of 


Mean height of 
the Upper Term 


Latintd^ 


the Lower Term 




of Congelation. 


of Congelation. 





15,577 


28,000 


5 


15,457 


27,784 


10 


15,067 


27,084 


15 


14,498 


26,061 


20 


13,719 


24,661 


25 


13,030 


23,423 


30 


11,592 


20,838 


35 


10,664 


19,169 


40 


9,016 


16,207 


45 


7,658 


13,730 


50 


6,260 


11,253 


55 


4,913 


8,830 


60 


3,684 


6,546 


65 


2,516 


4,676 


70 


1,557 


2,809 


75 


748 


1,346 


80 


120 


207 
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. But, in ascending above the ordinary tenn of 
congelation, we arrive at a point in the atmo- 
sphei'e, where it is still colder, and to this point 
no vapour ever rises. Bouguer calls this the 
upper term of congelation. The first, or lower 
term, must vary in height according to the sea- 
son of the year, &c. ; but this superior point is 
supposed to be at all times stationary, both in 
situation and temperature. From the manner 
in which the. atmosphere receives its heat, and 
the very small power it has of conducting that 
fluid, there ^can be no doubt, that the higher 
regions are cooled down to the lowes-t possible 
degree. Every calculation respecting the height 
>vhere this permanent term of congelation takes 
place, must therefore be rather considered as a 
matter of curiosity, as the circumstances depend- 
ing on the variations of the temperature of cli- 
mates, are sufficiently ascertaijied by having de- 
termined the height at which the lower term of 
congelation commences. This greater degree 
of cold in the higher regions of the air, a.nswers 
the most beneficial purposes, by retaining it in 
a necessary state of density, which otherwise 
must have diminished it in too great a degree, 
from the diminution of pressure. The follow^ 
ing table, taken from Dr Kirwan's Essay on the 
Atmosphere, in the 8th volume of the Irish 
Transactions, shews at one view the heats obser- 
ved and calculated in different places, and at 
different heights. 
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Lati- 
tttde. 


4 

Heights. 


Heat. 


Diffe- 
rence. 


Aathors. 


Below. 


Above by 
obtenrs. 


Above by 
calcula- 




• 




liGtu^ 


tion. 




• 


O*' 


Finchinca, 














15564, 


83?.7 


29.75 


30.5 


0.7^ 


Bouguer. 


38 


Etna, 










• 


* # 


10954. 


73.25 


40.8 


47.2 


6.4 


Saussure^s voy- 


46 


Salene, 










jges, p. 941. 




2831. 


73 


64 


64.16 


16 


Shuckburgb, Ph. 


46 


Mole, 




- 




.• 


Tr. 1777, p. 530, 




*211. 


63.9 


56 


53.7 


2.3 


Shuckbui^hi 


4f6 


Col de Geant, 














11273. 


SI 


41:5 


42.5 


1 


Sausst^re. 


46 


Mont Blanc, 














14624. 


82.8 


26.82 


26.44 


0.38 


S^ussure, §5000. 


53 


Snowden, 








• 






3555. 


60 


47.75 


47.1 


0.65 


Roy, Phil. Trans. 


53 


Moel Eleo, 










1777, p;. 779. 




2371. 


62.5 


51 


^1.3 


0.3 


Roy, ibrd. 


56 


Arthur's Seat, 
near £din. 




« - 






* 




803, 


54 


50.5 


50 


: 5 


"^oy, ibid. 


56 


Kirk Yelton 
Cai^n, 


■ 


> 






/ 




1544. 


54.5 


4^7.25 


48.3 


1.05 


Roy, ibid. 


56.3C 


Shehallion, 




* • 


. 


J 


• 


• 


, 8281.. 


56 


45 


41.4j 


3.6 


Roy, ibid. ■ . . 


56.30 


Rolfrach, 














1076. 


60 


56.75 


54.5 


2.25 


Roy, ibid. 


56.30 


Knockiailey 


. 


i 


■ * 




• r 




1364, 


54 


48.5 


48;5 


., .0 


Roy,, ibid. 


56.30 


Glerifiiore, 






■ .* 




• 




1279. 


55 


51.5 


49.6 


K9 


Roy, ibid. • 


56 


Tinto, 


• 




• 


i 


1 




1642. 


58 


51 


50.3 


0.7 


Roy, ibid. 


46 


Dole, 


• 


/ \ * 


," .■' 


9 


,: ■■. ■•;.■! 




481 a 


78.25 


65' , 


6i3A6 


i4;. 


^oy, ibid. 


51.31 


Kew Pagoda, 


( 


• 


■ 




, 
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49.25 


4d.25 


49.05 


0.2 


Roy, ibid. 


80 


Hackluyt Hill. 






• 




w 




1503. 


50 


42' 


43 


1 Phipp's voyages. | 
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The variation of the thermometer in different 
latitudes, appears at first sight the olily propel 
method of ascertaining the mean temperature d 
different climates; and this continued to be the 
only method till about the middle of last cen> 
tury, when, to obviate the tedioiisness ana 
imcertainty attending continued observation! 
throughout the }ear, M. JSJayer of Stockholm 
attempted it by means of a calculation fronj 
facts previously acquired. He found, tliat thfl 
decrease of temperature from tlie equator 
the poles, takes place in arithmetical progress 
sion ; that therefore the annual temperature c 
any latitude is an arithmetical mean between 
the mean of the annual temperature of the equat 
tor and tlie pole : but Dr Kirwan has improve 
the way of making the equation, and he proj 
ceeds on the following principles to reduce th< 
mean annual temperature of every latitude 
Supposing the mean annual heat to be greatei 
under the equator, and least under tlie pola 
then if the temperature of tlie equator be m, an* 
the temperature of the poles 7b— )?, and putting 
^ for every other latitude, the temperature r 
that latitude will be m- — ?zXsinp. It mu9 
likewise be remarked, that the following tabi 
was calculated by assuming the Atlantic Oceal 
lor a standard ; it will therefore more ncarlj 
correspond with the temperature of the air ove! 
maritime places, lie preferred that part of tli 
ocean which stretches between the 80th 
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North, and 45th degree of South latitude, where, 
it is widest, and least interrupted with land : it 
there covers a considerable portion of the globe, 
and- consequently its. temperature is- more per- 
manent. However, there is still a more simple 
way of ascertaining the mean temperature of 
latitudes : this is obtained by measuring the 
heat of springs of water. The heat of the 
earth at a certain depth is known to be con- 
stant, neither increasing during the heats of 
summer, nor diminishing by the cold of winter. 
This temperature has been found to be al- 
ways the mean of that of the latitude of the 
place ; therefore water, filtrating slowly through 
this medium, must acquire the same degree of 
heat. From this circumstance, it is explained 
why springs never freeze, even during the most 
intense frosts, but are then found waiwer than 
the air, and are therefore very frequently, ob- 
served in that season covered with vapour. 
Again, during the opposite season, the same 
sources of water feel proportionally more cool^ 
and have tiheir temperature much lower than 
that of the surrounding air. 
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TABtiii^Qfthe Mean Annual Temperature of the 
Standard Situationy in every Latitude. ^ 



I'emper. 


Lat. 


Temper. 


43,5 


32 


69,1 . 


44,3 


31 


69,9 • 


45,09 


30 


70,7 


45,8 


29 


71,5 


46,7 


28 


72,3 


47,5 


27 


72,8 


48,4 


26 


73,8 


49,2 


25 


74,5 


50,2 


24 


75,4 


51,1 


23 


75,9 


52,4 


22 


76,5 


52,9 ' 


21 


77,2 


53,8 


20 


77,8 • 


54,7 


19 


78,3 


55,6 


18 


78,9 


56,4 . 


17 


79,4 


57,5 


16 


79,9 


5a,4 . 


15 


80,4 


59,4 


14 


80,8 


60,3 


13 


81,3 


61,2 - 


12 


81,7 


62, 


11 


82, 


63, 


10 


82,3 


63,9 


9 


82,7 


64,8 


8 


82,9 


65,7 


7 


83,2 


66,6 


6 


83,4 


67,4 


5 


83,6 


68,3 1 





84, 



Lat. 



I 



I 



90 

89 

88 

87 
86 
85 
84 
83 
82 
81 
80 

79 

78 

77 
76 

75 

74 
73 
72 

71 
70 

69 

68 

67 
66 
65 
64 
63 
62 



Temper. 



31, 

31,04 

31,10 

31,14 

31,2 

31,4 

31,5 

31,7 
32, 
32,^ 
32,6 

32,9 
33,2 

33,7 

34,1 

34,5 

35, 

35,5 

36, 

36,6 

37, Q 
37,8 

38,4 
39,1 
39,7 - 
40,4 
41,2 

41,9 
42,7 



Lat. 



61 
60 

59 

58 

57 

56 

55. 

54 

53 

52 

51 

50 

49 
48 

47 
46 
45 
44 
43 
42 
41 
40 

39 



38 



37 
36 
35 
34 
33 
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By the same standard by which the above 
table is formed, Mr Kir wan has likewise calcu- 
lated the mean monthly temperature of eveiy 
latitude, for every month of the year : and ha- 
ving ascertained by actual observation, that the 
mean heat of April approaches nearly to the 
mean temperature of the year ; and considering, 
that the temperature of the atmosphere is chief- 
ly owing to the force of the sun's rays, this will 
therefore depend in a great degree on his posi- 
tion in the ecliptic, in every latitude receding 
from the equator. The mean heat of April be- 
ing found, and the sun's altitude being taken, 
the mean heat of May and the other months 
are ascertained thus : The sine of the mean al- 
titude of the sun being to the mean heat of 
April, in the same degree as its altitude in any 
other month, must be to the mean heat of it. But 
it is to be observed, that this calculation would 
make the mean heat of the months subsequent 
to August at too low a temperature, as it can- 
not include the other sources of heat, which, in 
that season of the year, bear a considerable pro- 
portion to that which is derived from the sun's 
rays ; the mean temperature of these months is 
therefore calculated on the supposition of its 
being an arithmetical mean between the solar 
^nd terrestrial h^ats. 
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From experiments peiformed by Mr Mac- 
gowan, in tlie vicinity of Edinburgh, he has 
shewn, that the coldest month there is January; 
and we see by Dr Kirwan's tables, tliat tills is 
the cohlest month in every latitude : in the 
same way, we Ukewise find, that June is the 
Avarmest month in all places above 60 degrees 
of latitude ; but from that, in proceeding to the 
equator, July and August enjoy the highest 
temperature. These circumstances can be very 
easily accounted for, on the principles which 
regulate the earth's motion. At the summer 
solstice, the sun's power is greatest in the lati- 
tudes beyond the 60th degree ; but in the lati- 
tudes below this degree, they continue to re- 
ceive heat from this source for soiise time du- 
ring bis decline in the ecliptic, which, co-ope- 
rating with the heat acquired by the earth 
during his ascent, tends to increase the temper- 
ature of the air; which is therefore found to 
be highest a few weeks after he has passed the 
solstitial signs. On the other hand, the lati- 
tudes within 48"* are never so much cooled, 
owing to the more direct impression of the 
Sim's rays, and their power being greatest at the 
solstices ; consequently, the temperature of 
these latitudes will be greatest at that period. 
Within about 10 degrees of the equator, the 
temperature varies but little; and an uniform de- 
gree of temperature prevails likewise in the 10 
degrees nearest the poles ; yet even in tlie space 
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included within these latitudes, the difference 
between the coldest and hottest months, as well 
as the mean temperature of different years, va- 
ries in proportion to the distance from the e- 
quator. 

The difference of temperature that frequent- 
ly occurs in places lying under the same paral- 
lel, has been supposed by Dr Kirwan to be 
chiefly owing to a difference of elevation ; and, 
according to his opinion, if the elevation be on- 
ly at the rate of 6 feet per Bfiile from the sea- 
shore, then we must allow one-fourth of a de- 
gree for every 200 feet of elevation, being the 
proportion of diminution of the mean temper 
rature of the place, 

If the elevation be 7 f^etper mile, allow j- of 
a degree, 

1 3 feet, 

1 5 feet or more, 
This elevation piay be readily ascertained by 
means of the barometer, by observing its mean 
height, and deducting it from the elevation of 
the mercury on a level with the ocean ; the dif- 
ference, calculated on the principles laid down 
in the table of Sir George Shuckburgh, will af- 
ford the necessary result. Dr KirM'^an likewise 
supposes, that the greater any place is distant 
fi'om the standard ocean, its temperature will 
vary in a corresponding degree ; and he has 
found by calculation, that the mean tempera- 
ture for the year is depressed or raised for eve* 

Vol. LI 
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ry 50 miles at the following rate : From lat, 
70** to lat. 35 cooled t of a degree. 

35 i 

30 

25 warmed y 

20 i 

10 1- 

When the elevation is less than 6 feet per 
mile, Dr Kirwan thinks its effects are so blendr 
ed with those of distance from the standard o- 
cean, that the diminution for the allowance of 
temperature is to be made for both : it there? 
fore appears from the laat table, that from lat 
70 to lat 30, elevation and distance conspire in 
producing the same effect, a diminution of teniT 
pjerature. But in latitudes between 30^ this 
ingenious philosopher supposes that elevation 
and distance from the standard ocean, in gene- 
ral counteract each other, and therefore the ef- 
fect of one is to be subtracted from that of the 
other. 

That the thermometer descends in proportion 
as we ascend in the atmosphere, is established 
by what has been already said respecting the 
manner how the air acquires its temperature; 
but from many circumstances connected with 
the properties of the air itself, the rate of its 
variation must be difficult to determine. Saus- 
sure, in several journeys over the Alps, found, 
that the diminution of temperature amounts to 
i^ for every 287 feet Dr Thomas Ileberden 
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found, that in ascending the Azores, tlie ther- 
mometer sunk 1^ for every 145 feet ; and that in 
Porto Rico, whose height is 5141 feet, the 
thermometer fell V for every pO feet of eleva- 
tion. A thermometer placed on the top of Ar- 
thur's Seat, near Edinburgh, stood 3^ lower 
than another kept in a situation on a level with 
its base. 

M. Bouguer also perceived his thermometer 
to stand ^t 30"*, when 15,564 feet above the le- 
vel of the sea, on the summit of the Andes ; 
while another placed at; the base of the moun- 
tain, stood at 84*. It is to be observed, that as 
the temperature of the atmosphere. is continual- 
ly varying from within a few degrees of the e- 
quator, the season of the year, previous state 
of the weather, &c, will therefore cause a dis- 
cordance in these experiments, when performed 
3.t diifevent periods, even in the same situation. 

The variations of the thermometer have like- 
Wise been called its range, and it includes the 
space in which it varies, either in rising above, 
or in sinking below its mean temperature : this 
^^3.riation increases, in receding from the equa-^ 
^or, nearly in a similar manner to what is obser- 
^'^d of the range of the barometer. The tem- 
perature of islands is never so cold during win^ 
^^^» as that of the adjacent continent ; and in 
^^THiner, the heat of the air never ascends so 
. ^gh : but the variation of the thermometer in 
^^laiids differs according to their extent, and dis^ 

T ^ 
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tance from the main land* Tlius, the cold of 
the 'northern part of Britain, rarely falls 50 low 
in winter as is frequently experienced in its 
southern division ; neither does the heat of 
summer rise so high. The atmosphere is rarely 
cooled down in any part of the island to zero 
of Fahrenheit, though this occuri^nce is fre- 
quent in parallel latitudes on the continent ; and 
it oftener occurs in the south of Britain, than, 
in any other part of the island. The late D 
Walker observed the thermometer to staiid aH 
two degrees below zero, in Tweeddate, on one o:^ 
the first days of January I768, at eleven o'cloct= 
at night. Mr Macgowan takes notice of a si- 
milar low temperature having occurred in F^= 
bruary 1 772 : in both instances, trees were sudK 
denly rent, and eggs were frozen by its seveiw^ 
tj'. The highest degree of heat that was peBC^- 
haps ever remarked in the northern division 
of the island, was observed at Moffat on tiie 
20th August 1764, at 10 o'clock, A. M. The 
thermometer then rose in the sun's rays to ' 1 16^ : 
on the 14th July same year, it stood in the same 
situation at 84® ; and Dr Walker, from long ob- 
servation, supposes the medium of our gpreat- 
est summer heats to be about 70**, which is 
greater than the calculation in Mr Kirwan's ta- 
ble. By experiment, a degree of heat w^as ex- 
perienced in the o}:>en air at Lancaster in 1757? 
that raised the thermometer to 1 40"^ ; but this 
was in a great measure owing to the reflection 
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of the sun's rays from a white- washed wall. It 
is in this manner that the air can be heated in 
Egypt, and other warm countries, to a much 
higher degree than the natural temperature of 
the climate. According to Dr Kirwan, the 
temperature of different years differs very little 
near the equator ; but this difference increases 
in latitudes as they approach the poles. Be- 
tween latitudes 35 and 60, in places adjacent to 
the seas, it generally thaws when the sun's alti- 
tude is 40*, and seldom begins to freeze until 
the sun's meridian altitude is below 40**. It 
Farely freezes in latitudes within 3^*^ of the line, 
unless in very elevated situations. In the 
southern provinces of North America, the ther- 
niometer frequently continues during summer 
from 85* to 90*, and it even sometimes exceeds 
loo**. An equal degree of temperature is fre- 
fjuehtly experienced in the atmosphere over the 
^oast of Peru, Africa, and the East Indies; 
and it e\'en rises greatly higher in the interior 
of those countries. In Siberia, during summer^ 
the tenipcrature of the air has been known to 
rise so high as 70^ for a short time ; and, in like 
manner, it has been experienced at 82** in Pe- 
tersburgh : but in the higher latitudes towards 
the poles, the cold of the air is much more in- 
tense in the winter. In the vicinity of the arc- 
tic circle, the thermometer has been known to 
sink to 70° below zero, and the quicksilver in the 
tube of the instrument to be frozen. This oc- 

13 
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currence happened to Professor Pallas; and si si- 
milar effect was occasioned to MaupertiuSy in 
lat. 65® 30', when the spirit of wine in his ther- 
mometer was converted into a column of iee. 
It has been said, that the cold of Siberia was so 
very severe in winter 1 779, as to cause the ther- 
mometer descend so low as 99^, 107°, and even 
113° below zero ; but from what haybeen men- 
tioned of the congealing of the mercury at a 
mufch higher temperature, every measurement 
below the degree of 40° below 0° must be very 
uncertain; for besides the change which the 
quicksilver is thus liable to undergo at low de- . 
grees of temperature, it has been observed 
sink suddenly after passing a certain degree, anc^ 

in this way to indicate several degrees at once. . 

The following table gives a view of the mear^n 
aimual temperature of places differently situoi-- 
ted, and taken by actual admeasurement, copie^^i 
from Dr Kirwan's estimate of the Temperatui"^ 
of Climates. 



Wadso, in Lapland^ 
Abo 

Petersbufrgh, 
Upsal, 
Stockholm, 
Solyskamski, 
Edinburgh, 
j Franeker, 



North 


Lat. 


70° 


5' 


60 


27 


59 


56 


59 


51 


59 


i>0 


59 




^ 


57 


53 





Longitude. 



22°18'E. 
30 24 E. 

17 47 E. 

18 £. 
54 E. 

3 W. 
5 42E. 



Heat- 
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North 
Lat. 


Longitude. 


Mean 

Annual 

Heat. 


Berlin, - « - 


52*^32' 


13^31'E. 


49° 


Lyndon^ in Rutland, 


52 30 


3 W. 


48 03 


Leyden, . . - 


52 40 


4 32 E. 


52 25 


London, ... 


51 31 




51 9 


Dunkirk, - - ' - 


51 02 


2 7E. 


54 9 


Manheim, 


49 27 


9 2E. 


51 5 


Rouen, - - 


49 26 


1 W. 


51 


Ratisbon> 


48 56 


12 05 Ei 


49 35 


Paris, - - - 


48 50 


2 25 E. 


52 


'IVoyes, in Champaigne, 


48 18 


4 lOK 


53 17 


Vienna, - , - 


48 12 


16 22 E. 


51 53 


Dijon, . - - 


47 19 


4 57 E. 


52 8 


Nantes, . - - 


47 13 


1 28 E. 


55 53 


Poitiers, - - - 


46 39 


30 E. 


53 8 


Lausanne, 


46 31 


6 50 E. 


48 87 


Padua, - - - 


45 23 


12 E. 


52 2 


Rhodez, in Guienne, - 


45 21 


2 39 E. 


52 9 


Bourdeaux, 


44 50 


36 W. 


57 6 


Montpelier, 


43 36 


3 73 E. 


60 87 


Marseilles, 


43 19 


5 27 E. 


61 8 


Mount Louis, in Rousillon, 


42 


2 40 E. 


44 5 


Cambridge, in New England, 


42 2S 


71 W. 


50 3 


Philadelphia, 


39 56 


75 09 W. 


52 5 


Pekin, 


39 54 


116 29 W. 


55 5 


Algiers, - - - , 


36 49 


2 17 E. 


72 


Grand Cairo, 


30 


ai 23 E. 


73 


Canton, - - - 


23 


113 E. 

• * 


75 14 


Tivoli, in St Domingo, 


19 




74 


Spanish Town, in Jamaica, 


18 15 


76 38 W.. 


81 


Manilla, - . . - 


14 36 


120 58 E. 


78 4 


Fort St George, 


13 


87 E., 


81 3 


Pondicherry, 


12 


67 E. 


88 


. 


South 








Lat. 






Falkland Islands, 


51 


66 W. 


47 4 


1;^ Quito, - . - 


13 


77 50 W. 


62 
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In high northern latitudes, as in Iceland, 
Hudson's Bay, and Greenland, a thick mist or 
fog hangs over them during the severity of 
winter: this serves to mitigate the rigour of 
that season. Vapour naturally contains a great 
quantity of caloric, and is otherwise a better 
conductor of that fluid than air : it is therefore 
well adapted for tempering the cold of those 
climates. 

In proceeding from the equator towards the 
south pole, the temperature of the air is not so 
warm in summer as in corresponding latitudes ' 
of the northern hemisphere. This seems evident- 
ly owing to the greater extent of ocean in the 
austral division of the globe ; but it is likewise 
probable, that the same causes which diminish 
the temperature of the atmosphere during the 
summer, will have the effect of rendering these 
latitudes warmer in winter than in similar lati- 
tudes on the opposite side of the equator. JE- 
pinus and others suppose, that the lower tem- 
perature of the southern hemisphere arises in 
consequence of the shorter abode of the sun in 
the south tropic, which increases the length- of 
summer over the northern division of the earth. 
Rocky soils, and countries in the vicinity of 
sandy deserts, are much warmer during sum- 
mer, than others in the same parallels not so si- 
tuated, and where the soil is covered with ve- 
getables. The heat experienced in the deserts 
of Africa, is at all times so intense,, that it al- 
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most entirely prevents the growth of every sort 
of vegetable matter. Similar situations near to 
the polar regions, are however found to be cold- 
er than places where the soil is different : thus, 
the countries around Terra del Fuego and the 
Straits of Magellan, have their temperatures 
mtich lower from this cause. Countries co- 
vered with forests are always colder in summer 
than such as are under cultivation. Large ri- 
vers and lakes have a similar effect as the ocean, 
but in a less degree, in modifying the tempera- 
ture of climates : this is supposed to be a 
powerful cause in lessening the temperature of 
the air over North America. The situation of 
any district in respect to high mountains, will 
have its temperature varied accordingly : thus, 
places lying to the windward or north of a 
chain of hills, will have a much lower tempera- 
ture that those to the lee, or such as have a 
southern or eastern exposure. 

The temperature of the atmosphere over the 
ocean, differs considerably at all , times from 
that which is in contact with the land, being 
usually lower in summer, and warmer during 
winter in temperate climates. The tempera- 
tures of seas vary from each other, and conse- 
quently their atmospheres must also differ in 
this respect. The heat of the ocean is never so 
warm in summer as the adjacent shores ; on the 
contrary, in latitudes beyond the tropics, it is 
found to be of a higher degree of heat during 
winter. Indeed, the temperature of the land 
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and ocean with respect to each other, under- 
goes a variation every twenty-four ,hours ; but 
this is most remarkable in w^arm climates. The 
smaller the extent of any sea, and the more fre- 
quently it is intersected by land, so much great- 
er is its variations of temperature. The Atlan- 
tidj Ocean being of great extent, has therefore 
the most uniform temperature throughout. 
On the contrary, Dr Kirwan supposes, that the 
greatest stretch of the Pacific Ocean being in 
the coldest regions of the globe, its temperature 
must be therefor^ greatly below the standard 
of the former ; and the difference he estimates 
at five degrees. The German Ocean is about 
three degrees colder in winter, and five degrees 
wanner in summer, than the standard. At all 
seasons of the year, the Mediterranean, through 
its whole extent, is warmer than the Atlantic, 
which of course flows into it. A supply of wa- 
ter is likewise received by that sea from the 
current of the Euxine, which is always some 
degrees lower in temperature. The Adriatic, 
though warmer in summer, is so cold in winter, 
as to be frequently frozen over in the neigh- 
bourhood of Venice. Though the Baltic is 
much colder in winter than any other sea, yet 
in summer it is frequently heated to a degree 
ecjual in temperature to the Mediterranean at 
that season, being frequently so high as 70^ 
but continually varying with the temperature 
of the adjacent lands ; its greatest temperature 
at mid-summer being from 48 to 56^. Lands 
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from N. lat. 49 to 70^ have their temperature 
frequently sp low as 40, 50, and even 70** be- 
low the freezing point, when the sea, even 
north of latitude 76^, has been never observed 
Ipwer than four degrees under that point. The 
variations of temperature in the atmosphere, 
have been supposed to be accounted for by the 
existence of fire in the centre of the earth, — an 
opinion M^hich has been of late years opposed 
with many irrefragable arguments ; and it is ac- 
cordingly generally agreed, that no fire can ex- 
ist in the interior of the globe, in the manner 
the author of that opinion has supposed. It 
has been ascertained, that in temperate lati- 
tudes, the interior of the earth, and the bot- 
tom of the ocean, are always much. colder than 
the temperature at the surface during sum- 
mer; while, on the contrary, in winter they en- 
joy a greater degree of warmth. Were there 
really a fire in the bowels of the earth, instead 
of influencing the variations of climate, it would 
rather tend to make these more uniform through 
tlie different seasons of the year. Neither, by 
such an hypothesis, can we easily reconcile the 
idea of any region of the earth being at a tem- 
perature below the freezing point : the heat 
of springs of water issuing from the greatest 
depths, by no means proves that the interior is 
never cooled so low as 32°. On the other hand, 
every circumstance of the variation of tempera^ 
ture of climates can be satisfactorily extplained, 
by the effects of the solar rays. Snow is gene- 
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rally supposed to be a medium well adapted for 
supporting the heat of the earth, when that of 
the air is cooled below the freezing point : it 
being a spongy mass, having its interstices filled 
with air, it is therefore a bad conductor of heat. 
M. Guetard found, that a thermometer, thrust 
deep into snow, stood higher than another ex- 
posed in the open air. From the above circum- 
stance, it will be easily estimated, of what uti- 
lity a covering of snow becomes, in preserving 
plants from the effects of very low degrees of 
heat^ 

The first accumte experiments that were made 
on purpose to ascertain the difference between 
the temperature of the air and soil, at different 
depths, are those perfonned by Dr Hales, The 
heat of the atmosphere and the surface of the 
earth was 80^ in August 1724 ; a thermometer 
placed two inches below the surface was 85^ ; 
and another at sixteen inches stood at 70*; 
while a third at twenty-four inches Avas only 
68^ : these two last retained the same tempera- 
ture till the end of the month. On 26th of 
October, he found the air was 35"^ 5; two inches 
below the surface the heat of the earth was 
43'' 85 ; at sixteen inches depth the heat wa^ 
48^ 8 ; and at twenty-four inches a thermometer 
stood at ^(f. From the 1st to the 12th No- 
vember, when the temperature of the air was 
27^, a thermometer placed twenty-four inches be- 
low the surface, stood at 43* 8; but from March 
to September, the heat of the earth was con- 
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atantly under the temperatiiTe of the atmo- 
sphere. The season had been very rainy, where- 
by a portion of the heat of the land had been 
exhaled from it, in the evaporation of the hu- 
midity. In this way we are enabled to compre- 
hend why a wet summer must be succeeded by 
a cold winter. M. Raymond of Marseilles has 
found the heat of the soil so high as 160*, while 
the Mediterranean Sea Avas only at 77®. lie has 
frequently observed also, the heat of the soil 
cooled down to 14', while the sea was 44° ; 
which was the lowest temperature at which he 
ever perceive<l it. These experiments decisive- 
ly shew the causes of the difference in tempe- 
rature between the atmosphere over the ocean 
and the adjacent lands. There are also several 
experiments made with a view to ascertain the 
heat of the earth and ocean at the greatest 
depths, and they completely disprove the opi- 
nion of the existence of a central fire in the 
earth, but uniformly tend to corroborate the 
observations .of Mariotte, who found, that the 
earth was gradually heated during summer, and 
was as gradually cooled during winter. 

The cave of the observatory at Paris, is nine- 
ty feet i)elow the level of the street : its tempe- 
rature remains nearly unifonnly at'53^ and sel- 
dom varies more than half an inch, which is 
owing to its communication with the external 
air. In a mine in the neighbourhood of Bou- 
logne 476 feet deep, the temperature is 54*^. 
The salt minei? of Wilickza in Poland, from 320 
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to 716 feet below the surface, have an uniform 
temperature at 52^. De Luc found,' that in the 
copper mine of St John in the Hartz, at the 
depth of 1359 feet, the temperature was 50^ 
although, at the depth of 801 feet, he experien- 
ced the heat so high as^.70* : And Monnet found 
the heat of the mine of Joachimstadt in Bohe- 
mia, at the depth of 1700 feet, permanent at 50*^. 
Kraft observed the heat of a cave in Suabia to 
be permanent at 48^ the external air being 
then 66^ J but the water in the cavern was on- 
ly 4Q''* 

The following table, from Dr Kirwan's Esti- 
mate of the Temperature of Latitudes, gives a 
view of the temperature of the earth and ocean 
ftt differejit depths, 



Table of the Temperature 
of the Earth at diffe- 
refiit depths, and at va- 
rious latitu4eSj by Mr 
Kirwan. 



Table of the Temperature 
of* the Sea at different 
depths and latitudes^ by 
Jjord Mulgrave. 



N.laU 


ScMon. 


Temper. 
»t sur- 


Depth of 
feet. 


Heat.' 


K. lat, 


Seacon. 


Beat of 

Atm'o- 

spberc. 


Depth 
of feet. 


Heat 
of 

scs. 


70° 


May 12. 


36** 


502 


39° 


67° 3 5 


June 20. 


48^5 


4680 


26" 




17 


37 


540 


39 


78 


30. 


40 5 


708 


31 


• 


June 9. 
July 7. 


44 
46 


558 
420 


40 
44 


69 


Aug. 31. 


59 5 


4038 


32 


* 




68 


8. 


47 


1560 


52 






65 


9. 


48 


1280 


48 








10. 


52 


846 


45 






27 


Jan. 3. 


64 


540 


58 






L....... 




84 


136001 
53463 


53 




■ 



OF THE ATMOSPHERE. 148 

By these tables we perceive, that the tempera- 
ture of the ocean is always lower than the earth, 
in the same latitudes, during the warm season : 
and Hkewise, that at great depths, both in the 
land ^nd sea, the temperature is much less than 
that of the atmosphere over them. But Dr 
Kirwan has ascertained, that from the difference 
of capatcity alone in land and water for caloric, 
that the former takes always 8 or 10 degrees 
more heat than the sea in summer, and is 8 or 
10 degrees colder in winter in the same lati- 
tude. — See Estimate, p. 40. Van Swinden men- 
tions some experiments in proof of the accu- 
racy of the above tables : a friend of his 
caused a pit to be dug within the polar circle, 
and at the depth of twenty-four feet the earth 
xvas found hard and frozen, but lower than this 
it was soft, the water liquid, and the ther- 
wiometer rose to 54 or 56 degrees. 

The theory of the general circumstances re- 
specting the temperature of climates, depends 
on the properties of heat, which have been al- 
iready explained, and the different degrees of 
power which the land and water possess of con- 
ducting this fluid. It has been formerly obser- 
ved, that fluid and liquid bodies do not conduct 
the matter of heat so perfectly as those which are 
solid : the earth is therefore a better conductor 
of caloric than the ocean ; it likewise reflects 
the sun's rays more powerfully, and is thereby 
jnore readily heated and cooled. In this way^ 



i44 OF THE TEMPERATURE, &C. 

tlie atmosphere over land is always found to be 
warmer than that over the ocean, during the 
immediate action of the sun's rays. The atmo* 
sphere over the ocean suffers likewise a consi- 
derable diminution of temperature during the 
influence of the sun. Water is but an indif- 
ferent conductor of caloric ; but, when collect- 
ed into a considerable mass, it has then a power 
of reflecting a portion of the rays which strike 
its surface. From this circumstance, the surface 
of the water speedily acquires a temperature 
sufficient to convert it into vapour ; and thus, 
as its capacity for caloric becomes greater, it 
must of course reduce the temperature of the 
water contiguous to it, by depriving it of a por- 
tion of caloric. From this cause, the air over 
tlie ocean is commonly colder during the hot 
season of the year, than the atmosphere cover- 
ing the land at a distance from the coast : and 
it is in consequence of this inequality of tem- 
perature, that the atmosphere moving from over 
the ocean forms a current towards land during 
day. This being colder and mo^e dense, it na? 
turally occupies the place of that which isi 
warmer and more rarefied over the land. 

In winter, when the sun's rays reach the kr 
titudes north of the tropic of Cancer with a 
much greater degree of obliquity, the surface of 
tlie earth being more readily cooled than the 
surface of the ocean, and not being supplied 
"with tJie usual portion of caloric at this season, 
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its atmosphere suffers a corresponding diminu- 
tion of temperature ; but as the water of the 
ocean does not give out the heat it had acquired 
so readily as the earth, its temperature does not 
diminish so rapidly. Besides, as it penetrates to 
the greatest depths, it will .thereby acquire the 
temperature of the earth at those places, which 
temperature is always higher than the freezing 
degi'ee. The water at the bottom, on becoming 
wanner, on that account gradually ascends, ha- 
ving likewise become of less specific gravity : 
in ascending, it occupies the place of that por- * 
tion which. is of a lower temperature by being 
exposed to the atmosphere, and whose specific 
gravity being thereby augmented, it necessarily 
takes a direction downward. We therefore .see, 
that by the continual motion of the water of 
the ocean, and the succession of warmer por- 
tions to its surface, in place of that which is 
cooled down to the temperature of the surr 
rounding air, the atmosphere over the ocean 
must be warmer than that over land, in tempe- 
rate climates during winter. ; ;.. 

In winter, and during night also, evaporation 
is considerably diminished ; therefore, heat is 
not so mpidly extracted from the ocean at those 
times ; and the temperature of the air at th^ sur- 
face is, from the above-mentioned causes, always 
greater during the cold season, (whether annual 
T>r diurnal), than that over the land. By this 
theory, we perceive why the temperature of 

Vol. I. K 
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ifilands and maritime situations is wanner during 
winter, and cooler during summer, than conti-* 
nental situations under the same parallel of la^ 
titude. During night, the air over the ocean 
being warmer, a current is thereby eatablished 
from the land : this, too, is mo^t renfiarkahle in 
warm climates. 

The ev^aporation and quantify of rain that 
fails in any situation have a considerable influ-i 
ence in varying its temperature. Indeed, it is 
by the effects of these processes that many pla-» 
ees within the tropics are temperated so as to 
become habitable. The cause of this will be 
easily comprehended, on the general principle^ 
of caloric already stated. We have observed,^ 
that the quantity of vesicular vapour which 
predominates in the colder regions of the north 
may tend to mitigate the rigours of the climate. 
This is probably owing in a great measure to its 
conducting power of caloric being greater ; the 
temperature of this vapoury air being always 
found to be many degrees warmer, thap the at- 
mosphere at a little distance not impregnated 
with it. 

Whatever tends to increase the proportion of 
evaporation, will have a corresponding effect to 
lessen the temperature of places ; though it }s 
not improbable, that fields under cultivation 
compensate for the heat abstracted by the tran- 
spiration from the crop, thereby communicating 
to the air. a quantity of caloric equal to the los^ 
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sustained from this cause ; every liviug sub- 
stance possessing a certain permanent tempera- 
ture, which depends on the operation of pecu- 
liar functions, 

Whatever tends to lessen the evaporation 
from the surface of the earth, will proportional 
ly cause an increase of its temperature : a soil of 
this description will likewise be found a better 
conductor of caloric. In this way, sandy deserts 
and rocky situations, in the vicinity of the tro- 
pics, are found to have a temperature raised to 
an excessive degree ; while similar situations, 
near to the arctic circle, are fqund generally low- 
er in temperature than the common heat of the 
latitudes in which they lie. 

Thick forests, shrubs, and all sorts of grow^ 
ing vegetables, tend greatly to diminish the 
temperature of the atpioisphere, in consequence 
of the evaporation from the surfaces of their 
leaves, and likewise by obstructing the ealorific 
rays from reaching the ground. In this w?iy, 
uncultivated tracts of land are found to be cold- 
er than such as have been for some time under 
improvement. America is said to have gradually 
become less cold during winter, as the forests 
^ith which it is covered are cut down, and the 
soil cultivated. It is likewise supposed, that 
the destruction of the forests in Germany has 
had a considerable eftect in meliorating the cli* 
niate of tliat country. 

KS 
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But there is no cause more powerful in vary- 
ing the temperature of the atmosphere, than 
winds. When currents of air blow from a 
mountainous situation, or from a tract of coun- 
tiy at a low degree of heat, its temperature be- 
ing thereby proportionally diminished, it will 
consequently lower the temperature of the coun^ 
try over which it blows. In this way, a north 
or north-east wind renders the spring season 
over the coast of Britain extremely chilly. ; on 
the contrary, the temperature of the air all over 
the island is considerably augmented by an in- 
flux of air from the south or south-west. 

Dr Kirwan supposes, that the heat of the at^ 
mosphere in winter is not so cold, at a short 
elevation, as the air immediately over the earth's 
surface. The soil being in that season colder, 
will cool the stratum of air nearest to it, con- 
trary to what takes place in the summer season. 

This circumstance must likewise occasionally 
occur in a partial degree in every season, in con- 
sequence of the reflection of the sun's rays from 
the upper surface of dense clouds : and in the 
same manner, whatever interrupts the sun's rays 
from reaching the earth's surface, must tend to 
diminish the tempe'rature of the^ stratum of air 
immediately over it. These causes are generally 
watery vapours : the heat of the stratum of air 
above them will be thereby increased. 

The circulation of the water of the ocean lias 
also a powerful effect in modifying the tempera- 
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ture of climates without the tropics. Indepen- 
dently of casual agitations or regular periodical 
movements, it has been ascertained to flow con- 
stantly westward ; and the tendency to this di- 
i^ction is strongest the farther west. Water 
flowing from a warmer climate, will communi- 
cate the heat it had acquired, as it proceeds to- 
wards the poles. In this way, it has been sup- 
posed, the temperature of the British Isles is 
rendered milder in winter than the parallel lati- 
tudes' on the continent; and these, again, are 
found. to be wanner, owing to this cause, than 
silnil^ latitudes 'in Asia. The air in contact 
with' a medium of superior temperature, as the 
waiter of the Atlantic ocean is known to be 
during winter, imparts a genial warmth to the 
soil when it blows over land ; but it is soon de- 
prived of this superior degree of heat, and speedi- 
ly acquires the temperature of the regions over 
w*hich it spreads : the temperature of the soil 
being extremely low, for a great part of the year, 
in the North of Europe and Asia, it thus tends 
to depress the heat of the climates all over the 
.eastern coast of that continent. Hence, the 
western, coasts of Europe are habitable even as 
far fLS the 70* N. lat. while, on the eastern 
shores of Asia, population does not reach be- 
yond the 56° N. lat. ; and for the same reason 
also, the east coast of Asia is much lower in 
temperature than the opposite coast of America, 
the winter being as severe at Canton, 33^ 3(y, as 

K3 
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at Charlestown, 32° 45', N. lat. And in gene- 
ral, it is to be observed, that the western coasts 
of all large islands are much wanner in winter, 
and have a higher mean temperature, than pla- 
ces on the eastern shores, (see Biagden^: Phil. 
Trans. 1781)^ the warm vapoury air depositing 
its heat as it spreads into the interior, wbete it 
acquires the lower tcmpemture of the place. 

It was originally remarked by the Hon. Mr 
Boyle, that even in tropical climates^ the air 
during night is much colder at the earth'* sur- 
face than at a few feet of elevation. Tlik has 
been confirmed by Mr Sex of Canterbury. He 
perfofmed a great variety of experiments ih or- 
der to determine this fact, and he uniformly met 
with the same general result. There cannot be 
a complete explanation of this circumstance, 
without l>eing made acquainted with the state 
of the weather previous to, and at the tiilie of 
performing the experiments. The greater cold- 
ness of the stratum of air nearest the earth, may 
be principally owing to the absence of the gun*s 
rays, whereby less caloric is communicated to 
it : but the coolness of the soil will be likewise, 
augmented by the precipitation of vapour IVotn 
the atmosphere, which always begins to fall on 
the disappearance of the sun from the horiton ; 
and as the soil still retains, at that season, a con- 
siderable portion of the caloric it had acquired 
in the day-time, a quantity of the condensed 
vapour will be again elevated in its elastic state. 
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ds soott as it reaches the earths tatface, and, by 
2d[)sorbhig a portioa of its heatv a'cbrirsponddng? 
diministtion of the temperature of the atmosphete 
Will follow. This explanation agrees hi erery 
respect with the account of the experimentsi 
themselves ; tl>e difference of temperatuie being 
feuiid to be greatest in the earfy part of the 
evening : then the soil is wannest, and the pre*- 
cipitation of dew most copious. It declines 
somewhat toward morning, the heat of the 
earth being then lowest, and the vapour wholly 
condensed. 

Professor Wilson of Glasgow gives an ac- 
count of some similar experiments performed in 
the winter season : but the result was different 
from the above. He found, that the surface of 
snow was always several degrees warmer than 
the air at an elevation of four feet : but this dif- 
ference only took place during the formatio» of 
hoar frost. • The expiaxiationf of this circum- 
stance seems to be founded oh the doctrhie of 

* 

heat akeady stated. 

Snow has been found tp be a bad conductor 
of heat : it is therefore always warmer than the 
atmosphere over^ it. Dtiring the iii[tensetieft& of 
cold frosty weather in Avinter, vaponr does not 
rise high above the saii^ce.^ probably it rarely 
^exceeds the space indicated by Mr .Wilson's cx-f 
peritnents. It becomes coxHleiiised on the setting 
of the sun; and acqniniillg the form of hoar 
frosty the heat it contained in its former Bt»tt 

K4 
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will be then extricated, and of course, the tem- 
perature of the air in which it abounds will be 
increased. It seems to have been owing to 
the extrication of latent heat, from the vapour 
being dispersed over a wider range, that Mr. 
Wilson always perceived the temperature of the 
air unifonn at both points, when the attnosphere 
happened to be obscured by^fogs. 



SECT. IV. 

OF THE SUPPOSED CHANGE OF CLIMATES IK 
CERTAIN COUNTRIES. . 

It has been a question frequently agitated^ 
whether the temperature of climates be the 
same at the present period as they were in the 
early ages of the world ; or whether those chan- 
ges which are oci:asionally remarked be not pe* 
riodical, and unconnected with local causes. 
But the limits of thii$ work do not permit a te- 
dious historical investigation of the subject. We 
shall therefore confine the observations we have 
to otfer respecting this questioti, to such facts 
as seem most intimately connected witli. the 
foregoing remarks on the nature of climate in- 
general ;• or which serve us in elucidating some 
circumstances respecting the climate of Great 
Britain. We have already endeavoured to show. 
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that the atmosphere acquires its temperature iu 
consequence of the reflection of the sun's rays- 
from the earth's surface, and by its lower stra- 
tum being in constant contact with a medium 
whose temperatiu'e is raised by the absorption 
of caloric from this source. 

Considering the pennanent influence of the 
common source of atmospherical temperature, 
we should naturally expect to find it constant 
and uniform through similar seasons of various 
years ; and were it not for tlie operation of cer- 
tain powerful causes, no other deviation would 
occur, than such as n)ay originate from the po- 
sition of this globe in resj>ect to the general 
planetary system. Many of tlie causes which 
induce variations of atmospherical temperature, 
seem to act by an immediate and transitory o- 
peration. The effect of other agents in alter- 
ing tlie temperature of the atmosphere is more 
gradual, permanent and powerful : the only 
cause of this kind which is best known to us 
is the sol lunar influence, by whose effects accu- 
mulations or tides of the atmosphere occur pe- 
riodically ; and it is perhaps especially owing to 
this power, that differences of atmospherical tem- 
perature in similar seasons of different years do 
occur. The proportion of aqueous vapour ex- 
isting at any time in the atmosphere, depends 
entirely upon its temperature, which has also a 
considerable influence in varying the direction 
and force of the wind ; and we shall afterwards 
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find, that from these effects tlie temperature of 
the atmosphere itself is liable to suffer the most 
considerable variations. 

Italy is found to be much \varmer than it 
seems to have been in the time of the first Ro- 
man Emperors : the winters in the south of Eu- 
rope were then much more severe, according 
to the concurring testimony of every author. 
Diodorus Siculus mentions, that the nv^rs itt 
Germany and in Gaul, as th© Danube, the* 
Rhine, &c. were always frozen during winter ; 
and that it was found necessary to cover tho 
ice with straw, in order to render the passage 
over tliem secure. Nevertheless, during the 
most severe winter that has occurred during: 
last century, (1795), there was no river of any 
consequence frozen over, even in the northern 
parts of Fi'ance. Ovid takes notice of the 
freezing of the Euxine during winter, in the 
tenth elegy of his Tristia : from the account he 
gives of the circumstance, it would likewise ap- 
pear, that this sea continued to be sometimes 
covered with ice even through the summer. 
There are likewise authorities which shew that 
it was not unusual to fmd the wine frozen by the 
cold of winter in the south of Europe. A si- 
milar fact is stated in several places of the Sco- 
tichronicon : the author expressly says, it was 
then sold out by weight. Pliny the Younger 
had a coimtry house in Tuscany, wliere neither 
olives, myrtles, nor any sort of plant wlrich re- 
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quires a warm climate, could be raised : but it 
is found, that in this situation all these fruits 
come to the greatest perfection by the ordinary 
temperature of the climate of the present day. 
By the writings of Virgil and of Juvenal like- 
wise, it iq>pears evident, that the cold of Italy 
in the winter must have been much more severe 
in their days than what we find it to be in the 
present tiiiies. The former gives minute in- 
structions for protecting the cattle from the in- 
clemency of the season. The other affords us a 
proof that the Tiber must have been commonly 
frozen over during winter in those times, as he 
records the ceremony performed by a person 
who was under the necessity of breaking the ice 
of this river, in order that slie might be ena- 
bled, by means of its waters, to celebrate cer- 
tain superstitious rites. No such occurrence 
has been known to take place within the pre-» 
sent a;ra. 

Ths chief cause which is supposed to have 
effected so remarkable a change in the climate 
of Italy, has been imputed to the draining of 
marshes, the cutting down of forests, and put- 
ting the soil into a proper state of cultivation. > 
This practice, in countries adjoining to Italy, 
as in Germany, must have had a considerable 
influence in meliorating its climate ; but there 
is no doubt, but that in the days of Augustus 
the soil of Italy was in a much higher state of 
improvement than it has been for these many 
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ages pa&t; nevertheless the climate appearsto 
be much . milder than it was during his reigiv. 
We therefore cannot ascribe this alteration in? 
its temperature to any circumstance connected 
with agricultural improvements. Besides, tome 
of the historians and poets of the earlier periods 
of the Roman history seem to think, that at a 
time much anterior to that in which they lived, 
the seasons of Italy and of Greece were much 
more mild. This alteration of atmospherical 
temperature is plainly indicated in lib. 1. cap. 
1. of Columella's work De Re Rustica : he there 
remarks, " Multos enim memorabiles auctores 
comperi persuasum haberi, longo asvi situ qua- 
litatem coeh statumque mutari : — nam (Sasenia) 
ex libro quem de agricultura scriptum reliquit^ 
mutatum coeh statum sic collegit, quod quae re- 
giones antea propter hiemis assiduam violen- 
tiom nullam stirpem vitis, aut olese d^positunl 
custodire potuerunt, nunc mitigato jam.et en- 
tepescente pristino frigore, largissimis olivitati- 
bus liberique vendemiis exuberunt." 

When CsBsar invaded Britain, he found, the 
liarvest finished, except in one field; and acr 
cording to the opinion of Dr Halley,. he must 
have landed upon the 14th of August, N. S. 
This island was then overgrown with wood> 
which, for the reasons we have already stated, 
must have rendered its temperature much less 
warm than if the soil had been cleared, and 
under a proper course of cultivation ; neverthe* 
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less Caesar remarks, that the temperature of the 
climate of Britain was then milder than that of 
Gaul. He mentions, that the inhabitants went 
about unclothed, — ^a circumstance which a- 
mounts nearly to a proof, that the temperature 
of its atmosphere must have been then higher. 
Csesar likewise mentions, that corn did not 
ripen in the northern provinces of Gaul on ac- 
-count of the cold. But we have still other 
circumstances no less distinct, which show, ' 
that the winters must have been much colder 
in Europe, even in latter times, at an aera not 
very distant from the period in which we live : 
this is to be presumed, from finding that the 
lesser seas were more commonly frozen over in 
winter. It is recorded, that in 1668, the Baltic 
was so firmly frozen, that Charles XL of Swe- 
den transported his army across it. It is likewise 
mentioned by Glycus, an historian, that in 775 
the Mediterranean was frozen along the coast 
to the distance of fifty leagues ; and the Adria- 
tic, which was commonly frozen in the winter 
during the time of the Romans, has not been 
found in that state since the cold winter of 
1709. According to Caesar, the rein deer, the 
elk, and the wild bull, were common in Ger- 
many, being sheltered by the Hyrcanian forest. 
The first-mentioned of these animals is in the 
present day only to be found within the polar 
circle. In the days of Aristotle, the climates of 
Gaul and of Scythia al§o were so cold, that the 
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ass could not thrive in them. Pliny says also 
of this animal, « ipsum animal frigoris maximi 
impatiens igitur, non generantur in Ponto.** 
In all these climates, the asses are found at pfe4 
sent, not only in plenty, but also very hand* 
some and docile. Tacitus^ in his Life of Agri- 
cola, gives also a favourable report of the tem- 
perature of the climate of Britain. He says, 
^^ Solum praeter oleam vitemque et caetera cali- 
dioribus terris oriri sueta, patiens frugum, fe- 
cundum, tardo mitescunt, cito proveniunt." Fir 
ta Agricolce, 66. Elziv. ed. 1640. In 278, the 
Emperor Probus promulgated particular instruc- 
tions respecting the planting of vines in this 
island, and of making wine, — ^a sure proof that 
its climate was then thought of sufficient tem- 
perature to bring this plant to ii^aturity. . 

It is rendered evident by the discovery of 
immense quantities of the largest sized wood 
under tlie mosses, that this country has been 
capable of raising wood, in fonner times, far 
exceeding the size of that raised in the present 
day ; and it is no less certain, that these woods 
have grown in situations where the most hardy 
ijhrubs will now scarcely vegetate. 

The growth of the mosses themselves, is like- 
wise a proof of this melancholy change in the 
temperature of our atmosphere, as they are only 
found in a cold climate ; and the origin of ma- 
ny of those in Britain, can be easily traced to 
the fellins: of the woods bv the Romans : and 
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in the northern parts of the island, to the same 
practices, followed by the Unglish, in their en^ 
deavours to dispossess the Scots of their fast- 
nesses. It would appear also, that our highest 
hills were formerly covered with growing wood ; 
which probably decayed with the diminished 
temperature of the climate. " Trees have often 
been found deposited near the summits of 
many mountains, at heights in which, from tli^e 
degree of cold which at present prevails on 
them, they could not now grow ; therefore, 
they must have grown when the temperature 
of these summits was warmer, and consequent- 
ly when they were less elevated over the sur^ 
face of the sea, and less distant from it. — rSec 
Kirwan's Geological Essays, p. 36. But, re- 
flecting on what Herodotus says respecting the 
Nile more than 2000 years ago, and comparing 
it with the appearance of the shores of that ri- 
ver as it now exists, the difference is so ex- 
tremely trifling, that we are not inclined to 
think, that any remarkable alteration of climate 
has occurred from this cause ; the bed and level 
of the ocean having seemingly undergone but 
a trifling variation for these many ages past. 

From this cause also, it has been supposed, 
that several species of animals, which were for- 
merly common in this country, are not now to 
be seen ; others have evidently degenerated. 
The deer of the present times seems but a puny 
janimal, in comparison to those which existed in 
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this island at a former period : this we persume 
to be the case, by comparing the size of their 
horns with those dug from under the mosses. 
In like manner it would appear, that our breed 
of black cattle must have been different, and of 
a much larger size. The decrease of the tem- 
perature of the climate of Britain, is likewise 
evinced by circumstances connected with the 
agriculture of the country. Hemingford, accord- 
ing to Andrews, mentions, that at the siege of 
Dirleton Castle, the English soldiers on that 
enterprize must have starved, had they not been 
supported with the peas growing in the adjoin- 
ing fields : this took place in the beginning 
of July 1298, and gives a pleasing ijleaof the 
^rix^ulture of East Lothian at that early period. 
At the present day, peas do not ripen in the 
same fields till fully six weeks later. In the 
time of William of Malnisbury, who died about 
1148, the culture of the vine had arrived at such 
perfection in England, particularly in the Vale 
of Gloster, that wine Avas made in abundance, 
and little inferior in quality to that of France. 
It is probably owing to a diminution of the tem- 
perature of the climate, that of late years it ha$ 
been found so difficult to raise certain species 
of apples in the cyder counties of England, 
which were formerly easily cultivated. By in- 
specting the statistical records of Scotland, it 
appears, that wheat was formerly paid to reli- 
gious houses from lands where it i$ now impos- 
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jsible to raise that grain, and where 'it has not 
been attempted for nearly these 200 years. 
There was paid yearly, twelve ^boUs of wheat, 
besides a quantity of barley, to the Monastery of 
Gleniuce, from a farm in the parish, which, 
some years ago, was thought high-rented at 
L. 12 Sterlhig. It likewise appears, from con- 
sulting the historians of Scotland, that a consi- 
derable export trade in grain was carried on 
from Leith, even during the sixteenth century. 
- — See Fragments of Scotish History, passim. 
And it seems probable, that more grain was rai- 
sed in this country in the commencement of last ' 
century, than is cultivated at the present time, 
even in the improved state of agriculture. The 
marks of the plough in many situations now 
quite barren, and which have not been laid 
down within the memory of man, seem to con- 
firm this opinion. Sir Robert Sibbald, in his 
Scotia Illustrata, dedicated' to Charles II., has 
the following observations respecting the ferti- 
lity of the country at that period : he jsays, 
" Segetes tanta foecunditas, ut muneribus utrius- 
que sufficiat et cereris et liberi : magna quoque 
quantitate ad exteras exportanti r." This author 
agrees with Scaliger, whose words he quotes, 
he having remained some time in Scotland, and 
speaks very highly of the abundance and quali- 
ty of its grain, but especially of its wheat, and 
the superior fineness of the bread. He likewise 
mentions the vine as a plant that was common 
Vol. I. L 
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in. Scotland at that period. The correctness of 
this statement is put beyond doubt, when we 
consider the very provident regulations respect- 
ing the growth of certain crops, passed in the 
reigns of the earher Jame>ses. Even within the 
memory of many persons, the chmate of the 
northern part of Britain has dechned in tempe- 
rature, since about the middle of last century ; 
at that period all the agricultural operations 
were performed earlier in the respective seasons. 
When preparing the soil for the barley crop in 
April, it was customary to yoke the plough very 
early in the mornings, as the heat usually be- 
came so great about eight o'clock, that it was 
found necessary to leave off work till the after- 
noon, when the waniith of the meridian sun : — 

had abated. From these instances it is evident, ^ 

that the climate of Britain has suffered a consi 
derable change within these two last centuries 
probably, however, the annual temperature i 
not really diminished ; as, according to commo 
observation, although the summers are not no 
so warm as formerly, neither are the winters s 
cold, as they were experienced fifty or sixty=ii 
years ago. Dr Williamson, in his essay upoiir * 
Climates, published in the American Philosophi 
cal Transactions, remarks, that the seasons inr 
Pensylvania have changed greatly within the 
last fifty or sixty years ; the temperature of th 
winter being milder, and the summers mucl'^ 
less warm. 




ox T HE Cir AN.GE OF C L I M A T BS; i&C.. l^S 

From Mr Jefferson's notes on the state of 
Virginia,^ it appears, that a teniarkafclc change 
in the temperature of that cHniate has lately 
superv^ened : this author observes, i that *' a 
change in our cHmate,. however, is taking place 
very sensibly. Both . heats and colds are be- 
come much more moderate within, the: memory 
of even the middle aged. Snows are less fre- 
quent and less deep; they do not lie below the 

mountains more than oncj two, or three days, 

* 
and very rai-ely a week. They are remembered 

to have been formerly frequent, deep^ and of 
long continuance. The elderly inform me, that 
the earth used to be covered with snow about 
three months in every year. The rivers which 
seldom failed to freeze over in the course of the 
winter, scarcely ever do so now. This change 
has produced an unfortunate fluctuation between 
heat and cold in the spring of the year, which 
is very fatal to fruits." Thi^ evidently shows, 
that the climate of America is undergoing chan- 
ges similar to those which are taking place in 
that of Britain. 

M. De Luc seems to think, that the Glaciers 
are receiving an annual augmentation. The 
Abb6 Richard gives many instances of a similar 
diminution of temperature having taken place 
in the climate of France. He mentions a dis- 
trict where the vine was cultivated successful- 
ly about 230 years ago, but where, in conse- 
quence of the increasing cold, grapes do not 

L2 
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siderablc diminution of temperature, even with- 
in these last hundred years: it was formerly ca- 
pable of raising grain sufficient, or nearly so, for 
the consumpt of its inhabitants; but at present 
the valleys that used to be formeriy laid down 
in corn fields, are now become bleak and waste, 
and during the greatest part of tlie year they 
are covered with snow. There is hardly any 
corn raised at present in any part of the island : 
its temperature has decreased so rapidly since a- 
bout the middle of the last century, that Tor— 
feus, a native of Iceland, says, in his history oi 
Norway, that he perceived many melanchoh 
changes in the face of that country, in consc 
quence of the increasing cold of the climate 
even after an absence of but a very few yearis 



There appears to have been fonnerly severa^^l 
plantations of wood in Iceland ; at presen^^t 
there is hardly a tree to be seen through it — r.s 
whole extent ; and it is with seeming difficult^T'' 
even the hardiest shrubs continue to vegetat^c^. 
East Greenland was long ago much resorted trr^o 
by the Danes, for the sake of commerce, am- <i 
then the temperature of its atmosphere does ncn^t 
appear to have been very severe ,• but all satt 
once an alteration in this respect seems to hav^^ 
taken place in it, and for these two or three 
centuries its coasts have been found inacces- 
sible, on account of the shoals of ice ; and the 
interior of the countrv, even in the middle of 
summer, lies buried in snow. It seems likewise 
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to be generally admitted, that within the course 
of last cenkiiy, there has been a considerable 
increase of ice around the polar regions. It has 
even been said, that the sea at the north pole has 
been repeatedly navigated, towards the com* 
mencement of the last century ; but, at present, 
it is found inaccessible beyond N. lat. 80°, on ac- 
count of immense shoals of ice. Whatever the 
causes may be which occasion a change in the 
temperature of the climate of any country, they 
must necessarily produce a similar effect on 
other countries adjoining to it. It is therefore 
to be presumed, that those 'causes which have 
had so remarkable an effect in causing the ac- 
cumulation of ice in the polar regions, and of 
lowering the temperature of the climates of 
East Greenland and Iceland, in so remarkable a 
degree, must have had a proportionate influence 
in altering the climate of Britain, and probably 
of the entire hemisphere, north of the equator. 
What these precise causes are, it is impossible 
to say; whether they depend upon a concurrence 
of circumstances, such as we have already spo- 
ken of as effecting partial variations of climate, 
and confined to the globe itself; or if the in- 
stances of variations of the temperature of cli- 
mates which we have specified, should be refer- 
red to the position of the earth, in respect to 
the general planetary system, we have not a suf- 
ficient number of facts to warrant us to deter- 
mine. Lord Dreghom says, that Linguet has 

L4 
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ascribed the conimeiiceinent of the colder set* 
ftons in Europe to the time of the earthquake 
in Lisbon in 1756, — an observation which has 
likewise been made by other well-informed peo- 
ple. M. De Humboldt, in his travels through 
South America, found, tliat the temperature of 
the air at Quito had considerably diminished 
since the great earthquake in 1 797, the thermos 
meter being now commonly 41° to 54^ and it 
seldom rises to 68° ; whereas, when Bouguer vi- 
sited that country, he observed it constantly at 
66' or 68°. 

"^The coincidence of these effects from the o* 
peration of a similar cause, would lead us to 
suppose, that the alteration of the temperature ^= 

of climates somehow or other depends upon * 

these great convulsions of nature ; but we an 
only able faintly to trace these effects ; w< 
have no possibility of unravelling the mannei 
how this alteration is jiioduced. 

Dr Williamson imputes the diange whicl 
has taken place in the climate of America to th^ 

clearing of the ground, and bringing the soil - 

into a state of cultivation. This opinion has^^ 
also been embraced by others, and particularly" — 
bv Mr Williams, in his work on the climate ofr^" 
England. At first view, there does not appear^ 
the slightest objection to this opinion of thr* 
matter ; it naturally follows, that wherever the 
surtace is cleared of the thick forests,' as in A- 
merica, the tempcritinr of the air will become 
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milder. But gmnting this to be the cause of 
the superior mildness of our winters within 
these few years, does it not follow, that this 
cause should also give rise to a corresponding 
increase of our summer heats? This we have seen 
is however not the case ; the temperature of the 
atmosphere in summer having become of late 
years much colder. We therefore presume, that 
our agricultural improvements have had no in- 
fluence in causing these peculiar changes of the 
temperature of the climate of Britain. Indeed, 
it is extremely problematical, whether the ordi- 
nary operations of husbandry, even when car* 
ried to the highest degree of improvement, 
have much influence in altering the tempe- 
rature of the atmosphere. The soil of the 
northeni part of Britain, was never in so high 
a state of improvement as in thp present day ; 
yet we have seen a regular succession of bleak 
cold springs and summers supervene under all 
these circumstances ; and if we consider the 
great disproportion between the natural and cul- 
tivated grounds in every country, we must be 
still more persuaded of the insufficiency of th§ 
cause thus assigned, for explaining an effect 
which seems so general. The Abb6 Mann, 
in his essays on the Changes of the Tempera- 
ture of Climates, in the Manheim Transactions^ 
says, that from the most careful research into 
the histories transmitted to us from the an- 
(:ients, it appears, beyond any doubt, that the 
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soil and temperature of the lands from Spain to 
India, from Mount Atlas to Lapland, and the 
remote northern regions, since the period of the 
jearliest historical records, have been gradually 
changing from a state of great moisture and 
coldness to a superior degree of dryness and 
warmth. The Abb^ supposes this has been 
principally brought about by the clearing of the 
grounds of trees, draining the morasses, and by 
cultivating the soil ; and we therefore now find 
countries possessing the most genial climates, 
which in the time of the Romans were nearly 
not habitable for cold. 

The author of the memoir above mentioned, 
who signs hi3 name De Vivarais, supposes the 
decreasing temperature of Europe is gradually 
increasing, in consequence of the precession of 
the equinoxes, and the declining obliquity of 
the ecliptic. We do not mean to object to the 
effect which this might produce, in making a 
less difference between the temperature of win^ 
ter and of summer : but it seems probable, that 
the instances of changes of atmospherical tem^ 
perature which we have adduced, have been too 
rapid to admit of explanation by the operation 
of a cause so extremely gradual and protracted. 
At any rate, although, from this cause, the tem- 
perature of the different seasons would be ren- 
dered more equable, it does not appear how tliis 
should operate in rendering the winter warm- 
i*r,- which is evidently the case, according to th^ 
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facts we have adduced : on the contrary, the 
cold of winter should be expected to become 
$till more intense, and with a corresponding di^ 
minution of the temperature of summer. Howt 
ever, that an alteration in the temperature of 
climates has formerly taken place, from the nur 
tation of the earth's axis, has been inferred from' 
circumstances especially connected with geolo- 
gical observation : the remains of animals and 
vegetables, which are only natives of the warm- 
est regions of the earth, have been found in 
very high northern latitudes ; while, on the 
contrary, none of the remains of animals or 
plants natural to a cold climate have ever been 
discovered within the tropics. It has been 
therefore imagined, that from this cause the 
poles are continually shifting, and that, conse^ 
quently, they may at somte fonner period have 
been in the present situation of the equator. 
This is an hypothesis which is rejected by astro- 
nomers : " The pyramids of Egypt demonstrate, 
that the poles have remained unaltered these 
three thousand years." 

When we come to treat of prognostics of the 
weather, it will then be made to appear, that 
the seasons undergo changes corresponding to 
others recurring at certain periods, and which 
«eem to be produced from the connection of 
the globe with the other planets. In this way, 
it d6es not seem improbable, that similar eifects 
should result from the operation of similar can- 
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ses acting at a longer interval. This appears to 
be Jthe most probable cause of the changes of 
climate ; and it seems to receive confirmation, 
by considering the stated alterations which have 
taj^en place in the climates of Europe, accord^ 
ing to the authorities we have adduced. These 
most probably undergo an alternate increase 
and diminution of temperature for a certain pe- 
riod of years. Many of the older writers have 
fixed this period to the revolution of six hun- 
dred years, — ^a period particularly alluded to by 
Pliny in his natural history, and which has been 
more particularly explained by Professor Burja, 
of whose opinions upon this question there is an 
analysis in the 1st voU Philosophical Magazine^ 
But although we are unacquainted with those 
causes which have occasioned the extraordinary 
diminution of temperature in the latitudes near to 
the pole, within the course of the last century, 
there cannot, however, exist any doubt, that this 
.diminution of temperature in the higher northern 
latitudes, has occasioned the remarkable differ- 
ence of the temperatnre of the seasons of late 
vears in Britain. The accumulation of ice around » 
the pole in the winter, being more than can hfi 
dissolved in the short space of summer weather, 
it must be constantly receiving an annual in?* 
crease. The atmosphere over these regions^ 
therefore, mhU become proportionally more 
dense, from being in contact with a medium 
cooled down to the lowest degree ; and, in con- 
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sequence of this increased density, it will be 
confined much nearer to the situation where 
these accumulations of ice and snow do exist. 
Thus, in winter,, when the northern hemisphere 
declines from the plane of the ecliptic, the at- 
mosphere, in consequence of its increased gra- 
vity, will recede from the equator northward ; 
and naturally falling toward the most declined 
point, it will gradually accumulate about the 
pole. In this manner, the regions within the 
arctic circle will be chilled to the very lowest 
possible degree, from being surrounded with 
this cold dense atmosphere, , It seems owing to 
this circumstance, that the equatorial current 
blows over Britain in winter with greater con- 
stancy, not being interrupted in its course north- 
ward : and in this manner, the temperature of 
its climate is kept higher than it otherwise 
could have been. In the spring season, when 
the northern hemisphere begins to be inclined 
towards the equator, this inclination giving a 
greater facility to the motion of the polar atmo- 
sphere, it rolls down the plane of the earth with 
increased force, to occupy the place of the more 
rarefied air in the vicinity of the tropics, and 
which opposes little resistance to its descent, in 
consequence of its higher temperature, from the 
immediate influence of the sun's rays. The po- 
lar current continues therefore more permanent 
and steady, in proportion to the difference of its 
density, and that of the mass of air it displaces. 
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In this manner, we are able to comprehend how 
the spring and early part of the summer seasons 
in Britain are fovjnd to be frequently colder than 
at any other period of the year. 

It mav be objected, that the difference of 
23a degrees of declination from the perpendicu- 
lar position of the earth's axis, in its annual re- 
volution, is too tritling to cause the effect we 
have supposed : but, considering that_the pecu- 
liar figure of this globe is that of an oblate 
spheroid, we can have no doubt of its efficien- 
cy in this respect. The opinion we have offer- 
ed certainly accords with actual observation, 
and will be found to correspond with the most 
correct meteorological tables. 
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CHAP. III. 

OF METEOROLOGY. 



SECT, I. 

©F SPONTANEOUS EVAPORATION, AND ITS CAV- 

SES. OF RAIN, SNOW, HAIL, WATER-SPOUTS, 

AND OTHER METEORS CONNECTED WITH THE, 
EXISTENCE OF WATER IN THE ATMOSPHERE. 

By endeavouring to ascertain the cause of the 
evaporation of water, and its consequent eleva- 
tion into the atmosphere, an explanation has 
been obtained of many circumstances of the 
highest importance in meteorology ; and, on 
this account, , it became a favourite subject of 
discussion during an early part of the preceding 
centuiy, with those engaged in the investiga- 
tion of the natural properties of the air. Water 
abounds so copiously in the atmosphere, that 
Dr Boerhaave, and even the illustrious Priest- 
ley amongst the modemSj imagined, that it 
constitutes one of its intimate component prin- 
ciples. But more recent discoveries, and some 
of these even divulged by Dr Priestley himself^ 
have convinced philosophers that this opinion is 
unfounded ; and it is now fully ascertained, that 
water exists in the atmosphere as a matter e- 
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qually foreign to its composition as any other 
vapour found occasionally mixed with it. 

It is< rendered evident, tliat the vapour con- 
tained in the atmosphere must have originated 
from the earth's surface. By exposing a quan- 
tity of water to the open air, it is perceived to 
diminish rapidly in bulk, and at length entirely 
to disappear. It is also to be observed, that 
this circumstance takes place in the most fri- 
gid, as well as in the warmest climates; al- 
though in the latter, the proportion of water 
that disappears is much greater than in the 
former situations. Water likewise evaporates 
much faster during summer than in winter, > in 
every climate ; nevertheless it has been ascer- 
tained, that even ice, during a north wind, and 
when the temperature of the air was very low, 
lost considerably by evaporation. According 
to the observations of De Mairan, it took place 
in the proportion of six grains to a cubic foot 
in the course of an hour. Wallerius founds 
that ice evaporates in proportion to its surface 
and temperature, thougli less tlian water equal- 
ly cooled ; and Saussure found, that it evapo- 
rates in air four or five degrees colder than it- 
self. 

The ingenious Saussure has also found, that 
the evaporation of water is quicker in propor- 
tion to its height in the atmosphere : this, as 
has been already pointed out, is in consequence 
of the diminished pressure on its surface. He 
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cji^ovcred, that the boiling heat of water oft the 
summit of Mount Blanc was 186*^ the barometer 
hrtanding nearly at 17 incliejj; and at a hd^ght 
of 10,000 feet above the level of the sea, 
the evaporation took place m pix)portion of 
7 to 3 of water converted into steam, in the 
latter situation, He likewise ascertained, tlmt in 
an atmosphere increased in rarity one-thii^d, the 
evaporation is double the rate of diminishetl 
gravity. The evaporation of water is likewise 
greatly increase^ by wind : this is partly occa- 
sioned by the increase of surface, in eonse- 
cjuence^of the water being agitated by the cur- 
rent of air passing over it ; but the proportion 
evaporated, according to the degree of velocity 
of the wind, is tiot y^t deternuned. Saussure 
found, by experiments perfqmied at Oene\'a, 
and on the Col de Geant, that wind moving^ 
at the rate of 4Q feet in a second, triples the 
quantity of evaporation in calm air. Dr Kir- 
Avan observes, that in the British isles the eva- 
poration is about four times greater from the ver- 
nal to the autumnal equinox, thai,i between the 
autumnal and vernal : that other circumstances 
being equal, it is so much greater as the diffe- 
rence, between the air and that of the evapora- 
ting surface is greater; and so much smaller as the 
cliflerence is smaller ; and therefore least when 
the evaporating surface and the air are both at 
the same temperature. But, if the air be 15° 
colder than the evaporating surface, thej^ is 
Vol. I. M 
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scarce any evaporation at all ; on the contrary^ 
moisture is deposited. But according to Rich- 
man, if the water be only 11® colder, it will e- 
vaporate, though slowly ; and evaporation is al- 
ways briskest when the inferiority amounts on- 
ly to 1~^ or 2® : but when the air is the coldest^ 
the reverse takes place; the evaporation being 
greater, as the difference between the tempera- 
ture of the air and that of the water is grcater. 
The evaporation is also greater in proportion as 
the atmosphere contains less vapour ; and cold 
produced by evaporation, is always more, intense 
when the atmosphere is wanner. But it is Mr 
Dalton who has examined the subject of 
evaporation with most accuracy : he conducted 
a set of very correct experiments, in order to 
determine the proportion of water evaporated 
at different temperatures; having previously 
ascertained by experiment, what degree of pres- 
sure on the surface allows it to boil at a given 
temperature ; and from these he has construct- 
ed the following table. 



OF EVAPOHATION,' &C. 



179 



Heat of the 
water when 


[ Pressure upon 
the surface in 


Rarefaction 
of the air. 


boiling. 


inches of mer. 


2H° 


30 


1 


200 


22 8 


1 3 


190 


18 6" 


1 6 


180 


15 2 


2 


170 


12 2 


2 45 


160 


9 45 


3 2 


150 


7 48 


4 


140 


5 85 


5 1 


130 


4 42 


6 8 


120 


3 27 


9 2 


110 
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1 97 


15 2 


90 


1 47 


20 4 


i 80 


1 03 


29 



He next ascertained the quantity of evapora- 
tion, by filling with water a cylindrical tin 
vessel of the diameter of St inches and 2i inches 
in depth, which he kept boiling over a fire with 
a moderate draught of air : he found, that it 
lost 35 grains in a minute. When he performed 
the exoeriment in a room where the draught of 
air was precluded, it lost only 30, grains in the 
same time: when the draught was ,S;trongsr, 
and the fire brisk, the loss by ^vaporatipn Vas 
40 grains ; and when both the draught and 
fire were 'increased, he supposes the evaporation 
might amount to 60 grains. ^^; The evaporation 
from water of 180° was from 18 to 22 grains 
per minute, according to circumstances, or a- 

MS 
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bout one-half of that at 31 a*". At ](J4* it was 
one-third of the quantity at the boiling tempe- 
rature, or from 10 to 16 grains /?er minute. At 
152*, it was only one-fourth of that at boiling; 
or from 8 to 12 grains, according to circum- 
stances. The temperature of I44* afford one- 
fifth of the effect at boiling; 138** gave one- 
sixth," &c. And he hkewise found, that the 
forces of vapour at 212*, 180°, l()4^ 152^ 144^ 
and 138^ were equal to 30, 15, 10, 7*, 6, and 5 
inches of mercury respectively. 

It has been already remarked, that the gravi- 
ty of the atmosphere considerably opposes the 
process of evaporation ; but this is overcome 
by the superior elasticity of the vapour^ which 
it always possesses in a degree corresponding to 
its temperature. By the above table, the quan- 
tity evaporated at a cci'tain temperature may in 
^general be easily determined ; as it is in propor- 
tion to the quantity evaporated from the same? 
surface at 212*, as the force of steam of the for- 
mer temperature is to the force of that fluid a* 
212**. Mr Dal ton has in this manner calcula — - 
ted the force of the Vapour of water at differen ^ 
tertipeiatures.' Those he has reduced into th« 
iortn of ta:bles, which he has found applicabl 
to the evaporation of all other liquids. 

It is extremely difficult to ascertain the quan»^- 
tity of vapour which a definite measure of a*:- 
mospheric air can hold suspended, as the poin t 
of saturation must be continually varying, by 
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temperature, pressure^ ami probably through 
the ageucy of electricity. M. Saussure has 
shown, that at the temperature of 66^ ^ a cubic 
foot of air can retain from 11 ^to 12 grains. 
Mr Dal ton has investigated this subject by a 
more extensive series of experiments, and cal- 
culates the el^ticity of vapour by the' rise. of 
the mercury in the barometer ; and from these 
he drew up a table, by which he points out th^ 
proportion of vapour in the atmosphere at eveiy 
temperature. He foui^l that in Britaiti, during 
summer, the vapour in the atmosphpre rarely 
elevates the quicksilver 0.6 of an inch, though 
frequently it amounts to half an inch ; and in 
winter, it is sometimes so low as oply to raise 
the barometer 0. i of an inch, whije iii the torrid^ 
zone it varies from 0,6 to one inch. • Fontana 
long ago observed, that die pr<^>ortion of va- 
pour contained in the air depends oil the qufan^ 
tity of caloric with xk^hich it is united ; and (that 
by this means it maybe made to occupy a space 
fiO,00() times greater than what it did in tli6 
state ojf* water ; or even double that extent, ac- 
cordiiig to Ingenhousz, 

Mr Dalton has discovered, that when vapour 
is mixed with any gas, its bulk is then consider- 
ably increased, and always in proportion to the 
temperature of the vapour ; so that the space it 
occupies may be augmented to any volume, 
But according to the experiments of Landriani, 
when vapour mixes with the air, its volume is 

Ms 
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increased in a much . greater proportion than 
what should take place : from thence its ^peci- 
fijC gravity goes on decreasing, according to the 
quantity of water it contains- Mr Dal ton has* 
likewise shown, tliat the properties of vapour, 
when mixed with the atmosphere, remain un- 
impaired; and he employs a very sii!nple me- 
thod of ascertaining its elasticity in that state, 
which was originally suggested by M, Le Roi. 
HjB uses a tall cylindrical glass jar, which must 
h^ filled with cold spring water, if the experi- 
ment he performed during the hot months of 
Hummer ; and in winter, .the water must be pre- 
viously cooled below the temperatui-e of the 
atmosphere. When the vessel is filled, should 
there be any precipitation of dew on its out- 
side, he directs the water to be poured but, 
letting it remain till it has acquired a small de- 
gree, of heat : it is then to be poured back into^:=^ 
the jar, marking again the forfnation of dew oi 
its outside ; and he contihues to pour out th< 
water till the condensation of vapour is ni 
longer perceived to take place in this way : thi 
temperature of the water in the jar, indicate^^=s 
the heat of the vapour in the atmosphere. Thi^ 
is certainly a very ingenious, and' an accurati 
method of ascertaining the elasticity of vapou 
in the atmosphere ; though it appears, that tlv 
experiment may be perfonned with equal exact:: - 
ness, and with less trouble, by allowing iim^ 
water to remain in the jar, carefully wiping the? 
outside occasionally, till moisture is, no longcf 
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deposited on it. This must be done in the 
open air, or at a window, because the air with- 
in, is generally more humid than that without 
doors. . : 

There are many causes which produce a va- 
riation in the proportion of water evaporated, 
even when the temperatiue and gravity of the 
air continues uniform :' thus, we have already 
observed, that winds, from whatever point they 
blow, increase evaporation, which is again di- 
minished during settled weather. The spon- 
taneous evaporation of water will likewise de- 
pend considerably on the quantity of vapour 
previously existing in the air ; and its degree of 
clasticitv will likewise have a considerable effect. 
But as the elasticity of the vapour in the atmo- 
sphere will seldom be so great as the elasticity 
of that which is rising from the surface, evapo- 
ration must therefore be continually going on. 
Abb6 Richard observes, that evaporation goes 
on even during the fall of rain ; at least, this 
process succeeds so rapidly to its fall, that it is 
impossible to distinguish at what period evapo- 
ration commences. But as the elastic force of 
tile vapour mixed with the atmosphere ap- 
proaches to that of the vapour rising from the 
surface of the e^rth, evapoi'ation must suffer a 
proportionate diminution. As evaporation can 
only take place at the earth's surface, tlie atmo- 
sphere is found to be drier the higher we ascend 
in it. It has likewise been observed, both by 

M4 
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Saussiire wd De Luc, that the atiijosphere, at 
4ihe samie height, i$ drier during night than 
through the day. This is probably occasioned 
by the state of the lower air becoming more 
dense, ia consequence of the absence, of the 
sun s r«ays, and the entire column of the. atmo*- 
«phapc being thereby proportionally shortened. 

There are many ingenious contrivances for 
ascertaining the d^ree of humidity in the at- 
mosphere ; a»d, on this account, they are deno*- 
mioiated hygrometers. These are all formed oa 
the property which certain substances have of 
imbibing liumidity ; amongst these, the beard of 
the wild oajt (atista avepae fatuie) has been sug- 
gested for dais purpose. Mr Boyle recommends 
-a. bit of dry sponge, fixed in a delicate gold bat 
lance, twisted ropes, thin slips of leather or 
wood, as of poplar, oak, willow, &c. These in-? 
dicate a moist state of the atmosphere, by having 
their dimensions enlarged by the absorption of 
moisture from it. Chemistry has likewise made 
us acquainted with several matters possessed of 
tlie property of absorbing water from the air; 
:such as adds, alkalis, some neutral salts, sul- 
phurets, &c. ; but these have been all superseded 
by the ingenious contrivances of Saussure and 
De Luc, which aie not only more atccurate, but 
they are also convenient in other respFcts. Thp 
hygrometer of Saussure is consh'ucted so, that 
tfoe indication moves by tihe contraction and 
eloogatioa of a hilman hair, previously baked 
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That of De Luc, which by iimny i$ thought to 
be preferable, lias the indicatx>r'to turn rou04 
tlie inde^j: by oieaijs of a very thitt slip of wfele- 
boqe, previously w^H dried. The fixed pointy 
of every hygrometer ought to be that of ex* 
jtreme dryness and extreme nioisture ; but it is 
to be regiettf d, that these extremes cannot l>c 
readily determined^ It is perhaps impossible^ to 
free any portion of the atmosphere completely 
of vapour ; neither can its point of saturation b^ 
obtained more easily. The ind^x both of S$ius- 
iHire's and Dp Luc's hygrometer turns round % 
scale divided into a number of parts, according 
to the fancy of : tlie inventor : that of Saussure^ 
lias 100 degrees. The extreme points are ascer* 
tained lu thp best possible manner, by leaving 
tlie hygroaneter for sope time in a portk^ of air 
gendered as ftee of moisture as possible, by means 
lof salts and the ^electric shock* The gradation 
of the instrument must be performed in w 
whose temperature is uniform and low ; the 
point at which the indicator stands is marked 
tlie beginning of the scale. The hygrometer is 
pext immersed in a portion of air rendered as 
-humid as possible by the addition of vapour; 
and the point at which the indicator stands 
forms tl^ other end of the scale. The construe** 
tion of eitlier of these ihstraments is very diffi- 
cult, and, on that account, can seldom be relied 
•n as being minutely accurate. . For a more par- 
ticular description of them, we refer to Saussure'« 
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Essai siir rHygroitietrie, and to the different 
■meteorological writings of Cotte and De Luc. 

The liygronieter is an instrument of the great- 
est utility, in a practical point pf view, to the 
chemist, physician, and agriculturist. By its 
indications, the variations of chemical processes 
<jan be explained, or their consequences perhaps 
prevented ; and it serves as an useful aid to the 
latter, in assisting him to form an opinion with 
regard to the future state of the weather. 

There are three theories respecting the cause 
of spontaneous evaporation, which at present 
divide the opinions of philosophers. In the first 
place, it has been long supposed, that the exist- 
^ce of vapour in the atmosphere arises in con- 
sequence of a power the air is said to possess of 
dissolving indefinite portions of water. Again, 
since the discovery of the general properties of 
heat by Dr Black, it has been imagined, that 
the evaporation of waiter exposed to the open 
air occurs in consequence of its combination 
with caloric, in a manner similar to that which 
is observed to take place in limited operations, 
bv means of artificial heat. There are also some 
men, eminent for scientific knowledge, who a- 
scribe the foraiation of vapour in the air to a 
peculiar combination of water with the electric 
tluid. We shall therefore subjoin a few obser- 
vations on each of these opinions. 

It has been ascertained, that water generally 
contains gmall quantities of air in solution. Dr 
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iPriestley discovered it in the proportion of 1 to 
30 parts of water; and life remarked, that'air 
obtained from water by boiling of cftheirwise,' is 
considerably purer than common air; and' -^ 

•water can be at all times recovered finom theaft^ 
mosphere, the opinion, that air and Wat^r huvi 
a mutual power of dissolving portions of each 
other, has been thereby supposed to be confii^lfi^ 
cd. ^t an early period of the last tent ury, Dr 
Halley and M: Le Roi maintained an hypothe* 
sis respecting tiiis question, which soon came;tb 
be generally, embraced : they explained the ex^ 

. istence of vapour in the atmosphere, as owing 
to a power possessed by the air of dissolving in- 
definite quantities of water, and which they 
supposed agrees in every respect with the na^ 
ture of solutions in general ; but the similarity 
of the process of spontaneous evaporation to 
that of any other case of chemical solution, will 
not admit of a strict Comparison. Every solu-^ 
tion has its precise state of saturation, but 
which is not possessed by the atmosphere'in the 
present instance : it is likewise ascertained, that 
in every ease of solution, by its decomposition, 
the substance dissolved is uniformly presentsed 
in the state in which it had existed previous to 
its combination. Air combines with w:ater in 
the state of vapour only, from which it is iitii- 
fornily precipitated in the Hquid form, as in 
rain, or in the state of a solid, as in snow and 
hail 
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. Mr Dalton has shewn, that vapour possesses 
^hewme properties, when mixed with the atmo- 
sphere, as when in a free and uncomhined state ; 
wd it is daily experienced, that the air, even 
highlj impregnated with elastic vapour, answers* 
the same purposes in the economy of nature as 
when in its driest condition. Were vapour rai- 
sed i and retained in the atmosphere, in con- 
qitence of its power of dissolving water, sponta- 
neoMS' evaporation must have increased, accord- 
ing 1o the gravity and density of the air, and 
would have therefore bejen mostrconsiderable in 
the polar regions, or upon the summits of our 
highest mountgins, where this process is not 
counteracts by the. effects of pressure. It ha$ 
Qortainly been found, that water evapor^^s more 
veadiiy at great heights ; but this only happens 
when the temperaturie is raised artificially to the • 
degree necessary to produce tile same effect, in 
a similar portion of water, on a ievel with the 
ocean. Ice and snow have been found to de- 
creaae in bulk and weight, by evaporation, — ^a 
circumstance which does not seem easily ac- 
cented for by the above-mentioned theory; 
fijiVi^^dmitting tliat an affinity subsists between 
air a»d water, in its ordinary state, sufficient to 
, enable the air to dissolve certain quantities of 
the water, it does not follow, that the same affi- 
nity should subsist under every change of this 
fluid. Water confined within the vacuum of 
an air-pump, is found to evaporate when expo^ 
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sed to the ordinary temperature of the atit)o-> 
sphere, — ^a circumstance which certainly does not 
admit of explanation by the theory suggested 
by Halley ; an4 if it shall be afterwards found, 
. that water evaporates more copiously in these 
circumstances, when the effects of pressure from 
the steam generated is guarded against, than an 
equal portion exposed at the same temperature 
to the open air, it will go far to disprove this 
theory entirely* The solvent powers of matters, 
in general, are increased by heat : at first sight 
the atmosphere seems to follow the same rule, 
in the process of evaporation, as water evapo- 
rates in greater proportion in warm latitudes, 
and during the warm season in temperate cli- 
mates. Were the existence of vapour in the at- 
mosphere owing to a solvent power of the air, 
it must have been raised in the form of water 
only. Vapour is a body possessing distinct pro- 
perties, and totally dissimilar in its nature from 
what a solution of water in air would be. There 
is no fact in chemistry better ascertained, than 
that vapour, in every instance, owes its exis- 
tence to the effects of caloric ; and a considera- 
ble diminution of the temperatures of surround- 
ing matters uniformly accompanies this process 
in every instance. . • 

AHhough air is capable of holding indefinite; 
portions of vapour, Saussufe supposes^thi^s; rare*- 
ly exceeds a third or a fi)tfrthl>of!the. specfcific 
gravity of the air, being uhout iOO \Qifli60 
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grains of water to a cubic foot, — a proportion 
nearly agreeing with the experiments of Mr 
Watt on this subject. Now, considering the 
great disproportion between the specific gravities 
of air and water, it seems impossible that even 
a much less proportion of the A'olume of the 
latter could be retained in the atmosphere, in 
consequence of the great increase of density it 
would occasion ; and were the existence of va- 
pour in the atmosphere depending on the sol- 
vent power of the latter, counteracting the ag- 
gregate attraction of the liquid particles of the 
\vater, no precipitation of rain, snow, or any 
watery meteor, could appear unless in a -super- 
saturated state of the solution. It likewise ap- 
pears difficult to conceive, how the atmosphere 
should possess the power of dissolving indefi- 
nite portions of water, and yet retain its elastic 
i^ity, and even have its elastic powers thereby 
increased: considering the great difference be- 
tween the degrees of density of these fluids, one 
would, (l prio7^i, imagine the solution should 
possess a gmvity superior to the mean of both.. 
In Saussure's Essai sur I'Hygrometrie, p. 240^ 
there is the relation of some experiments, hy 
which it. appears, that water evaporates in an 
equal quantity, when confined with a certain 
portion, of ^common air, hydrogen or carbonic 
aeidf gases. • The same fact has been more re- 
cently remarked ■ by Clement and Des Ormes; 
iild'they ^afford; a very conclusive proof agninst 
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the supposed powers of the atmosphere for dis- 
solving water. Were spontaneous, evaporation 
owing to this property in air, we should natu- 
rally expect to find, that fluids differing so ma- 
terially in point of density, would take up cor- 
responding proportions of this liquid : hut even 
the affinity subsisting between air and water, 
cannot be admitted as a proof of the solvent 
power of the atmosphere. We have a striking 
analogy of the contrary, in the instance of quick- 
lime and water : thus, lime has a very strong 
affinity for water, and combines with it in con- 
siderable proportion, without undergoing any 
change of its properties ; nevertheless that sub- 
stance is only soluble in water in a very sparing 
quantity. It has been already observed, tliat 
spontaneous evaporation goes on even when the 
atmosphere seems saturated with vapour, and 
likewise when it is actually in the state of de- 
vaporation : this is easily ascertained, by means 
of a sponge or piece of linen soaked in water, 
suspended to the end of a balance, and fr^cjy 
exposed to the open air, under a shed or. at a 
window^ when, it will be perceived, that they 
readily lose weight, m consequence of the eva- 
poration of water from their siyfaces ; and in 
this manner they will become dry even during 
the heaviest rains. Now, it can scarcely be sup- 
posed, that processes so different in their na- 
tures should take place in the atm^osphere at the. 
same time, and in consequence of its^ immediatie. 
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iiifluence. Besides, that the atmosphere doefsi 
not possess the power of dissolving water^ has 
been demostrated by Mariotte, — see p. £64. de 
ses OEuvres. . By confining a quantity of air 
o%'er water, he found, that after a certain period 
the air was considerably diminished in bulk, in 
consequence of a quantity of it liaving been difr* 
solved in the liquid. 

There is still too little kno^vn of the nature 
of the electric fluid, to enable us to speak deci- 
dedly of its effects in the process of evaporation^ 
The following are the piincipal circumstances^ 
from which the opinion of its power in this re- 
spect has been assumed. A coi^siderabte pro- 
portion of electricity is at all times passing from 
the earth into the atmosphere, during evapora- 
tion. This fluid is likewise knowm to pred<Mi>i- 
nate in clouds, and the atmosphere itself is a 
powerful electric. But with all these facts in 
support of this opinion, it must be kept in re- 
membrance, that the inference to be drawn from 
Dr Priestley's expeiiment, formerly mentioned, 
militates very strongly against the supposed' 
evaporating power of electricity : and the same 
result has been confirmed by similar experiments* 
perforaied by VanMarum; and those conduct- 
ed by Saussure, afford the same inference. The 
electric fluid being possessed of the strongest* 
i*epellent power, by uniting with vapour, either 
in its elaistic or vesicu'lar state, it may thereby 
increase its eksticit\'' ; but there does not exist 
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any proof to shew, that vapour owes its forma* 
tion to* it alone. Indeed, fi'om the observations 
of Saussure, we are rather inclined to suppose, 
that vapour is combined with a less proportion 
of electricity than water. Jrom this cause we 
are unable to account for the cold which is al- 
ways experienced during evaporation, or why 
the higher regions of the atmosphere should be 
more void of humidity, while a greater propor* 
tion of electricity abounda there than in the 
lower strata. 

The effect of heat in causing the evaporation 
of water, has been already explained ; and the 
same doctrine applies to this process, whether it 
occurs from the direct application of fire, or 
takes place spontaneously, when water is ex- 
posed to the open air. By this theory, the 
cold experienced in consequence of evapora- 
tion, is readily explained, and why the upper 
regions of the air are always drier, being of a 
lower temperature, than the strata nearer the 
earth. In consequence of the greater heat of 
countries within tlie tropics, and the higher tem- 
perature of summer in the temperate zone, 
evaporation ^oes on in those places more brisk- 
.ly ; and during winter, every wliere, it suffers a 
corresponding diminution, owing to the dimi- 
nished influence of the efficient cause. 

De Luc is supposed to liave been the first 
person who applied tlie doctrine of heat, in the 
evaporation of water, as having a similar effect 

Vol. L . N 
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in every circupistance, but which the illostri-> 
ous discoverer of its general properties, seems 
evidently to have included in the lucid doctrine 
he gives in explanation of them. By this theory 
it is evident, that water can exist in the atmo.^ 
sphere in the state of vapour only; and that, 
therefore, the elasticity and specific gravity of 
the mixture of these two bodies, bear a propor- 
tion to the respective force of each individual- 
ly : in this way it is understood, why the diffe- 
rence oF elastic force between the vapour al- 
ready in the air, and that rising from the sur- 
facCy should have an influence in promoting or 
repressing this process. In like manner, we arc 
enabled to account for the evaporation of ice 
and snow, which is likewise uniformly follow- 
ed by a farther diminution of temperature : and 
the cause of the evaporation of water, when con- 
fined in a vacuum, is thus also satisfactorily ex- 
plained. 

Some of the most eminent chemists of mo- 
dem times have imagined, that vapour exists in 
the atmosphere in the state of mechanical mix- 
ture : its particles being diffused through those 

' of the air, in a manner similar to what happens 
in its mixture with any other heterogeneous 
fluid. De Luc, and Mr Dalton also, strenuous- 

' ly maintain this doctrine ; and in favour of 
which, the latter philosopher has brought for- 
ward some very ingenious arguments. Accord- 
ing to Mr Dalton's opinion^ the pressure of the 



OF EVAPORATION, &C. 195 

atmosphere has ho effect either in promoting or 
in repressing the evaporation of water. He like- 
wise supposes, that the particles of heterogene- 
ous fluids, neither attract nof repel each other ; 
consequently, that vapour ascends through the 
atmosphere, in proportion to its degree of elas- 
ticity, and is diffused through it, in consequence 
of the repulsion between its own particles. It 
has been already shewn, when treating of the 
gmvity of the air, that the former of these pro- 
positions is not agreeable to actual observation, 
the weight of the circumambient' air having a ve- 
ry considerable effect in varying the temperature 
at Avhich liquids evapomte. There are also many 
facts which shew, that the particles of eveiy 
gaseous matter, dissimilar in their natures, do 
not repel each other ; on the contrary, in certain 
circumstances, the strongest degree of attraction 
subsists between many of them. This is exem- 
plified in the combinations formed between a- 
queous vapour, and the vapours of several of the 
salts, as nitric acid, muriatic acid, ammonia, &c. 
Besides, there are several circumstances which 
directly shew, that an affinity, to a certain de- 
gree, does subsist between the particles of wa- 
tery vapour and atmospheric air. This seems 
to be demonstrated by the transparency of va- 
poury air, and by the difficulty that is experien- 
ced in completely freeing a portion of the atmo- 
sphere from the whole vapour it contains. At 
the same time, it is to be observed, that when 

N2 



196 ' OP EVAPORATION, &C. 

these fluids are united in certain propovtiona^ 
the degree of atSnity between them is not 
90 forcible as to alter materially the properties- 
of either, M. de Saussurc is periiaps the first 
who maintained the opinion of the existence of 
vapour in tlie atmosphere, in a state of combi- 
nation with it : an<l in support of this opinion^ 
ie has adduced some ingenious^ observations ; 
but, *for the following reasons, it does not ap- 
pear, that these ai^e combined intimately, unless 
when vapour exists in the air in small dispro- 
portionate quantities. In a vapoury atmosphere, 
•its weighty and its increased elasticity,, are pro- 
bably always in proportion to the quantity and 
temperature of the vapour it contains. Besides^ 
were vapour retaioed in the atmosphere in a 
state of intimate chemical union^ its upper re- 
gions must have at all times been found fully 
impregnated with it, in consequence of the con- 
tinual motion of the atmosphere, and its increa- 
sed elajticit}', when combined with vapour. As 
the vapour contained in the atmosphere is the 
source of rain and snow, &c. it does not readi- 
ly appear, according to SanssureV opinion, by 
what power the disunion or condensation of the 
vapour could be effected in its higher regimis, 
or by what particular cause, on the separation 
-of vapour from the atmosphere, it should ap- 
pear in a form different to that in which it ex- 
isted in it. Upon the whole, it would appear, 
that similarly to what takes place in tlie affini- 
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ty subsisting between many of the rarer fluids, 
in proportion to the dryness of '^ tlie air, so 
much stronger is the force of the affinity sub- 
sisting between it and the vapour it contains : 
that this affinity gradually diminislies according 
to the proportions of vapour, which, probably, 
in frequent instances, is evolved in such over 
proportion, as to exist in consequence of its 
own elastiefcy alone, in which case its disunion 
and condensation must take p^ce much more 
readily. 

The celebrated Lavoisier seems to have oriffi- 
nally entertained an opinion respecting tlie man- 
* ner in which vapour is disposed of in the atmo- 
sphere, and which is totally different from cither 
of the former theories. In explanation of this 
question, he imagined, that a considerable part 
<)f the vapour is completely decomposed, arid 
reduced to its constituent principles, on mixing 
Avith the atmosphere; and in this manner, he 
considered the higher regions of the air as con- 
sisting of hydrogen gas only, and that> in these 
elevated regions, the luminous or fiery meteors 
had their origin from this cause. Dr Pratt and 
others enter keenly into this view, and many 
observations have been adduced as convincing 
proofs of its correctness. In this way, it has 
been likewise-maintained, that as the proportion 
of water evaporated is commonly greater than 
what is devaporated as rain and other aqueous 
meteors, it should be held as a circumstance af- 

N3 
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fording the strongest probability of the correct- 
ness of this hypothesis. However, this part of 
the argument will come to be considered after- 
wards, when an explanation of the circumstance 
will be given on more obvious principles. In- 
deed, the whole of this theory is built on con- 
jecture alone. There is no proof existing to 
show, that the higher regions of the atmo- 
sphere consist of hydrogen gas ; and it has b?en 
thought to be inconsistent with the provident 
care of Supreme Wisdom, manifested m the 
economy of the universe, that a medium pos- 
sessing the most inflammable nature should 
form any considerable portion of this fluid. 

It has been found a subject of diflScult inves- 
tigation, to determine the quantity of water rai- 
sed by evaporation from a given extent of sur- 
face within a given period : therefore, a;i ap- 
proximation to the truth can only be expected. 
!IVIuch useful information has, however, been 
acquired by the industry and perseverance of 
many ingenious men, in the iuyestigatioii of 
this matter. 

The celebrated Dr Haliey w as perhaps the 
first person in this country who attended scien- 
tifically to this subject. By conclusions drawn 
from his experiments, it appear^, that the an- 
nual evaporation from every square inch of sur- 
face is about 21 inches, being 69 14 tons for 
every superficial mile. Dr Dobson of Liverpool, 
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from a series of experiments continued during 
four years, computes the annual evaporation of 
water at 36.78 inches from an inch of the sur^ 
face of tlie ocean. But, considering that the 
soil reflects the rays of the sun more powerfully 
than water ; that it is more readily heated ; and 
that the transpiration of vegetables must add^to 
the quantity of evaporation ; it appears, that in 
the day time the quantity evaporated from land 
will be fiiUy as much as that which takes place 
from an equal extent of water. This seems a- 
greeable to the result of some experiments per- 
formed at Bradford in New England, where the 
evaporation was found to amount to 42.65 inch- 
es in the course of the yean Dr Hales likewise 
found, that tracts of country covered with 
woods emit more vapour than an equal ex- 
tent of ground covered with water ; and during 
the space of tiine hours in a day in winter, he 
even collected vapour that amounted to ^ of 
an inch from a square inch of surface. How* 
ever, it is probable, that the average amount 
from the whole extent of the ocean greatiy ex-^. 
ceeds in proportion either of these experiments. 
According to Abb6 Richard, it has been calcu- 
lated, that the afnnual evaporation from the 
ocean all over the world amounts to a quantity 
of water equal to 60 inches in thickness. In 
favour of this opinion, it is to be observed, that 
as the temperature of the atmosphere over the 
ecean is warmer and more uniform during win- 

N4 
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ter, the quantity of vapour raised from it will 
be therefore more equable through every season 
and climate. The concentrated solution of salts 
and water do not evapoifete so fast as pyre wa- 
ter. Wallerius lias shown, that evaporation from 
water containing 16 per cent, of salt, was near- 
ly equal to that of simple water, after the salt 
was dissolved; but, during its solution, -evapo-» 
ration was diminished, from the cold produced ; 
therefore, as the water of the ocean contains 
but little more saline matters than in these ex- 
periments, evaporation from it will be as great 
as that from lakes. Nevertheless, the vapour 
from the soil will be found to exceed in quantir 
ty that raised from the ocean in the torrid 
zone, in temperate climates, during warm wea- 
ther, and in inland situations, where the vegeta- 
tion is vigorous, and where the land is marshy, 
or intersected by lakes and rivers, which riiust 
participate in the heat of the soil, which is al- 
ways much warmer than that of the ocean in 
such places. Mr Dalton ascertained, from a se- 
ries of experiments, that in a situation pretty 
much exposed to wind and sun, the greatest 
daily evaporation, for thirteen days of March, 
was .064 of an inch; for tweutj'-onc days in 
April, the greatest daily mean w;xs .1115 ; for 
twenty-six days in May, the greatest mean was 
.1346; for fourteen days of June, the greatest 
.098 ; for fourteen days of July, the greatest 
.195 : and he never found the evaporation from 
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irater any summer much to exceed ,2 of an inch 
ia twenty-four hours m the hottest weather; 
and from -experSnents still mote recent than 
these, he supposes the mean evaporation over 
England for the year to amount to about 30 
inches. Dr Watson has made a calculation of 
the quantity evaporated in a hot day in summer 
1779, and when no rain had fallen for a month 
previously : he found, that 1600 gallons of wa-i 
ter were raised in vapour from an acre of 
ground, in the course of twenty-four houra. 
Enormous as this proportion seems, it is still 
much less than the calculation above mention-^ 
ed by Dr Dobson, The proportion of evaponu* 
tion varying in the difterent months of the year, 
is in the following rate, according to his obser« 
vatiohs. 

January, 1.50 inches, July, - 5.11 inches. 

February, I.77 August, 5.01 

March, 2.64 September, 3. 1 8 

April, 3.30 October, 2.51 

May, 4.34 November, 1.51 

June, 4.41 December, 1.49 

^he whole amounting to 37.48 inches. 

A similar proportion must take place in the 
evaporation of water in eveiy climate, unless 
within a few degrees of the equator ; as there is 
not perhaps any country where that process 
goes on equally during the different seasons of 
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the year. M. Cruqius has ascertained, that at 
J>elft, the evaporation amounts only to 28 Pa- 
ris inches annually ; which nearly accords with 
the experiments of Mr Dalton in this country' ; 
though it has been found, by experiments du- 
ring 1799, 1800, 1801, that the evaporation at^ 
Manchester amounted to 44.4 inches annually. 
. From the experiments we possess respecting 
the quantity of evaporation, no certain deduc- 
tion can be inferred of its general proportion. 
The obser\^ations are neither sufficiently nume- 
rous, nor are the best conducted experiments on 
this subject susceptible of great accuracy; the re- 
sults assumed from them being, in every instance^ 
calculations from data afforded by trials on a li- 
mited scale ; and it is known, that a liquid eva- 
porates much faster, when confined within a 
small space, than when a great volume is ex- 
posed to the air. But evaporation must va-r 
ry even in places situated near to each other : 
as, besides the influence of local situation, face 
of the country in respect to vegetation, plantar 
tions, lakes, &c. it must also bear some propor- 
tion to the quantity of dew, rain, and humidity 
arising from every other source. On account 
of the insular situation of Britain, it is there- 
fore probable, that the mean evaporation from 
its surface, is greater than what the general calr 
culations make it : perhaps that of Dr Dobson 
approaches nearest the quantity. It has been 
always a matter of considerable difficulty, to ob- 
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tain a knowledge of the proportion of vapour ex- 
isting in the atmosphere at one time; no means 
having yet been discovered, of extracting the 
whole which is contained in a given portion of 
It. 

During warm weather, in temperate climates, 
and in the torrid zone, evaporation frequently 
goes on for several months, without any preci- 
pitation of water from the air, excepting what- 
falls in the form of dew ; and even then, the 
atmosphere does not appear saturated. At other 
times, even after the heaviest i-ain, its difference 
in this respect is scarcely indicated by the hy- 
grometer. 0\ying to the currents of air blowing 
during a great part of the year from one point 
q{ the compass, in certain countries, the va- 
pour rai^d from their surfaces is not returned 
to them in the form of rain, but is wafted to 
some distant situation ; thus, it never rains in 
Lower Egypt, nor over a considerable part of 
the western coast of South America ; and like- 
wise in climates where the wind blows periodi- 
cally, the evaporation continues while the cur- 
rent sets in from a certain point, without any 
intermediate fall of rain, but which immedi- 
ately succeeds, when the air begins to take a 
contrary direction. Mr Clark, in his Letters 
on the Spanish Nation, mentions an instance 
where it did not rain in Castile for nineteen 
months ; and even in the higher parts of India, 
it ha^ been known not to rain for three years. 
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* Frcmi the foregoing observations it will he 
manifest^ that the atmosphere must certain a^ 
less quantity of vapour in proportion to its ele- 
vation above the surface of the earth ; and ^ 
the lower stratum contains a greater proportion 
of this fluid, it is reasonable to suppose, that it 
is rarefipd in a greater degree than at the height 
of a few thousand feet ; the rarefaction of the 
different strata taking place in proportion to 
the quantity of vapour they contain, notwith- 
standing the pressure of the superincumbent 
regions. Vapour being more elastic than air, it 
will continue to ascend in the atmosphere, till by 
a loss of temperature, the density of the air in 
respect to it, becomes proportionally greater, 
its ascent being thereby gradually stopped: 
it then begins to assume the foim of vesicular 
vapour, the specific gravity of which, although 
nearly equal to that of the atmosphere, is con- 
tinually increasing in regard to this fluid, in 
consequence of having become more condensed, 
and proportionally less elastic, by its change 
from the Elastic to the staite of vesicular vapour. 
It therefore begins to descend, and uniting, 
form clouds, the farther condensation and im- 
mediate precipitation of which, is frequently 
prevented by the existence of a variety of cau- 
ses. Vesicular vapour collected in masses, or 
otherwise, has a considerable attraction for 
the air in which it floats, and its rapid precipi- 
tation is resisted in a manner similar to wfiafc 
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haj^ens on the precipitation of any metallic so- 
lution. In this case, although the particles of 
the metal are of much greater specific gravity 
than the solvent, tl^ey descend very slowly, 
their motion becoming more rapid in their de- 
scent. The same thing probably occurs in the 
precipitation of condensed vapour through the 
atmosphere ; and its descent and complete con- 
densation is frequently opposed by the greater 
density of the lower stratum of air; while at o- 
ther times, this occurrence seems to be prevent- 
ed, in consequence of the continual elevation of 
vapour, in its most elastic state, from the sur- 
face of the earth, together with the tendency 
of the air upward, owing to the heat of the re- 
flected solai' rays. For these reasons, clouds are 
rarely seen to be formed in the highest regions' 
of the atmosphere, except in very warm wea- 
ther, or in the hottest climates, nor in the situ- 
ations immediately over the earth's surface, ex- 
cept in sudden changes to very cold weather. 
Indeed, it is manifest, that the point at which 
vesicular vajx^ur begins to collect into clouds, 
must vaiy with the climate and season of the 
year, being higher over warm latitudes, and 
in summer in temperate climates. This will 
appear more evident from the following table 
from Mr Dalton's Essays, being the result of 
observations taken by his friend Mr Cross- 
thwaite. 
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Guy fie Lussac peiceive<l clouds floating at 
.1 considerable distance above him, when his 
balloon had readud the height of nearly 23,0C0 
feet above the level of the sea ; and Bouguer 
made a simitar observation ulicn on the sum- 
mit of the Andes ; he discovered clouds consi- 
derably elevated above the lower tcnii of con- 
gelation. But M, de Sau-jsiirc, in consequence 



OF EVAPORATION, &C. g07 

of an experiment, imagines that vesicular va- 
pour may even exist at the height of 13,500 
toises above the earth's surface. 

Mr Dalton does not suppose, " that the con- 
densation of vapour exposed to the common aif 
does in any manner depend upon the pressure 
of the air." This is an opinion that does not 
readily admit, either of confirmation, or of 
being refuted. But from what has been premi- 
sed respecting the condition in which vapour 
exists in the atmosphere, it . seems probable, 
that it will be condensed there by the operation 
of similar causes to those which convert it into 
water in other circumstances ; therefore, when 
vapour has reached the higher regions of the 
air, which from the diminished temperature 
must be more dense than the portion immediate- 
ly contiguous to the earth, the vapour must 
likewise suffer a diminution of its temperature, 
and, losing its elasticity in a corresponding de- 
gree, will have its density increased from the 
compression of the air, which, by its loss of tem- 
perature, it is less fitted to resist. It docs not 
appear, however, that the effect of cold alone is 
sufficient to condense completely the vapour 
contained in the atmosphere ; for were its con- 
densation entirely owing to this cause, vesicular 
vapour would almost in every instance resume 
its more elastic form, in descending through the 
warmer strata of the air : it seems therefore 
more probablCj^ that vapour, having to a certain 
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<iegTee lost its elastity, by being deprived of a 
. portion of caloric, it suiFers a more coinplete 
condensation than otherwise would occur, in 
consequence of the pressure of the superincum- 
bent column, whicli hkewise prevents it resu- 
ming the elastic form, in passing towards the 
earth's surface. 

JVL de Luc has observed, that clouds are 
formed in regions of the atmosphere, where the 
air is not indicated b}^ the hygrometer as being 
saturated with moisture ; but w^e have seen, 
by the experiments of Mr Dal ton, that the con- 
<lensation of vapour probably never occurs from 
this cause ; nor is it necessary tliat it should be 
so in this instance : if vapour is condensible from 
the causes already mentioned, (diminished tem*- 
perature and pressure,) these ahv^ay sexist in the 
regions where the clouds are formed, and must 
act on every portion of vapour exposed to their 
influence. The same philosopher likewise ob- 
served, that the temperature of the clouds them- 
selves is greater than that of the surrounding 
air. This is what must naturally take place, 
from the conducting power of vesicular vapour 
for caloric being greater than that of atmosphe- 
ric air : its temperature will therefore be higher^ 
which will likewise be augmented by tjie gra- 
dual condensation of the vesicles forming the 
clou£l. 

There is evidently a very strong reciprocal at- 
traction between the minute particles of vesicu- 
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lar vapour; and ;this attraction seenrs.to be ia- 
creased in proportion to the pn^as^ collected.: it 
is frequently observed before the heaviest 
rains, that the formation of vesiculaj vapour 
rapidly increases by addition^ from every quar- 
ter. The collections qf vapour possess a speci- 
fic gravity the same asj^n smaller masse/s ; but 
in respect to an equal volume of the ^ledium 
in whicli it floats, it most pro]i)ably varies ac- 
cordhig to its state of rarefaction and tempei^- 
ture. Jf vesicular vapour were more , dense 
than the atmosphere, it must have been imme- 
diately precipitated on its formation ; bjut being 
of nearly the same degree of density, its descent 
is opposed by whatever increases the density of 
the lower stratum ; it is in this manner we 
suppose an, explp^nation is afforded rfpr the ap- 
pearance of distinct and frequent masses of col- 
lected vapour being seen during the prevalence 
of a north or north-east wind : the stratum of air 
' at the surface being more dense, of jcpurse ^t 
causes the vapqur^to remain in a^rqgipii wh^ve 
the gravity is nearer equal tq its o^vn >veight. 
Clouds sometiqies remain buoyant in the atmo- 
sphere, until by accumulation the vesicles be- 
come so compressed, that the formation of rain 
immediately takes place. Depse clouds float- 
ing in this manner are often dissipated by the 
heat produced from the rays of the sun reflect- 
ed from their upper surfaces ; at other times, 
they remain permanent during day, and disap- 
Vol. I. 
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pear in tlie night. This circumstance is rtiost 
frequently perceived to occur in the atmosphere 
ovei' islands, places on the sea-coast, and in 
mountainous countries, and is generally Occa- 
sioned by what is termed the land breeze. 
Clouds that have remained in the atmosphere 
for some time^ without shewing a tendency to 
a greater state of condensation, frequently dis- 
solve in rain, by the sudden occurrence of a 
change in the density of the air itself. A cloudy 
sky, with a current of air from a certain quar- 
ter, will often continue for several days, when 
a sudden alteration in the course of the wind is 
immediately succeeded by rain. 

In evety country, particular winds are noted 
for being always accompanied by rain. South 
winds bring much moisture with them into Bri- 
tain : indeed, our heaviest rains hapj^en when 
the current of air blows strongly from that 
pohit. These win<ls being of an higher temper- 
ature, and proportioniiUy impregnated with va- 
pour, their condensation is therefore more sud- 
den and forcible when they^i-each these lati- 
tudes, on account of the lower temperature of 
the climate : as they spread into the interior, 
their humidity is devaporated gradually in less 
proportion : it is from this circumstance, that 
on the west and south-west coasts of Britain, 
the quantity of rain that falls is greater than on 
the eastern coast or midland counties. A cur- 
rent of air from a southerly point of tie com- 
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pass generally impedes the rays of light from 
reaching the earth's surface, and the sky during 
its prevalence is not perceived to be covered 
with distinct clouds, as when the air blows 
from the wesr. The rain is therefore generally 
of longer continuance, and is diffused over a 
wider space. 

The ascent of vapour through the atmosphere, 
in the manner pointed out, has been supposed 
not to be easily reconciled to the existence of 
different states of electricity in the various stra- 
ta of that medium ; for as vapour is an excellent 
conductor of electrical fire, by rising through 
the atmosphere, it is supposed that an equili- 
brium in the state of its electricity would be 
thereby restored, and of consequence the whole 
lower tract of the air must have speedily acqui- 
red an uniform condition of that fluid : neither 
could there be a variation in the electrical state 
of clouds differently situated, and of course no 
thunder storm could have ever occurred. But 
on considering what has been premised respect- 
ing the existence of electricity in the atmo- 
sphere, it must appear, that the ,ascent of va- 
pour, so far from having a tendency to produce 
an equilibrium of that fluid in the air, will ra- 
ther tend to induce variations of its quantity in 
its different strata. It has been already shewn, 
tliat owing to the difference of the temperature 
of the air in the night and day time, the quan- 
tity ^of evaporation like\yise varies : thus, the 
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evaporation being more copious through ti^ 
day, a greater proportion of electricity will be 
then communicated to the air. The yapour rai- 
sed in sunshine, owing to the diurnal varia- 
tion of the temperature of the atAiosphere over 
land and ocean, takes^ a direction more inland. 
Again, the vapour which is elevated during the 
absence of the sun's rays, is usually carried off 
in an opposite direction, by what has been call- 
ed the land breeze ; which follows the course of 
the former on the re-appearance of the sun up- 
on the horizon, a contrary current similar to 
the first being then established. From this cir- 
cumstance, there must be everywhere something 
like alternate portions of air diffei-ently charged 
with electricity ; and it seems probable, that, in 
this, way, the negative and positive states of its 
different strata are established. 

The late ingenious Dr Hutton promulgated 
a theory of the cause of rain, which, as it is at 
present most generally followed, requires to be 
stated in this place. He supposes, that the im- 
mediate precipitation of rain is effected by the 
concurrence of opposite portions of air at differ- 
rent temperatures, and equally saturated with 
moisture. This opinion, however plausible it 
may appear, is liable to considerable objection : 
it is not easily to be conceived, how the meet- 
ing of any portions of the atmosphere should in 
this manner be capable of producing rain. The 
union of these portions of air, however different 
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in temperature from each other, would not oc- 
casion any diffiprence in the mean heat of the 
mixture ; consequently the capacity for retain- 
ing vapour must remain the same, provided there 
be no remarkable difference in the quantity of the 
opposite masses of air* Indeed, though it £^p{>ears 
evident that cold, and a correspon^ng densi- 
ty of the air, are causes which principally, if not 
entirely effect the condensation of vapour in 
the atmosphere ; j-et it does not readily appear, 
how the mixtui-e of two difierent currents 
of air should produce this effect. Were this the 
real, cause of rain, it is evident, that a diminu- 
tion of the temperature of the air would always 
precede its faJL Befom tlie precipitation of rain 
can ti.ke place, it h necessary, that vapour 
should previously assume the vesicular state : 
and yet, if in that condition rain be occasioned 
by the meeting of opposite currents of air, it 
may with greater pr()bability be imputed to the 
effects of compression thdn to any otber cause : 
Moreover, it appears, that were Dr Hutton's 
opinion on this subject correct, the greatest 
rains in Britain should always follow a north 
wind, it being colder and more dense than that 
fiom any other point ; and the atmosphere over 
the island is at all times sufficiently impregna- 
ted \yith vapour to afford rain : indeed, accord- 
ing to this theory, rain ought to take place on 
every variation of temperature, or changeof the 
current of air. 

OS 
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Dr Kirwan imagines, that the immediate 
cause of rain is in consequence of the subtrac- 
tion of the electric fluid, which keeps the parti- 
cles of vapour at a distance from each other. 
This most frequently happens from the repul- 
sion or attraction of other clouds ; thence en- 
sues an increased volume of these particles, 
which, by collecting, form drops, whose weight 
being superior to the resistance of the air, they 
necessarily descend, and fonn rain. That an al- 
teration of the electrical state of the atmosphere 
arises during the evaporation of water, has been 
already mentioned ; and, no doubt, a correspond- 
ing variation will ensue when this vapour is 
condensed ; but how far it can be considered 
as the immediate cause of rain, it is impossible 
to say in our present state of knowledge : but, 
on taking a review of these processes, it rather 
appears, that the changes of the electrical con- 
dition of the air while they take place, arise in 
consequence of the change of form in the wa- 
ter, and are not to be considered as the imme- 
diate cause of either. It appears, that rain/ uni- 
formly takes place in every circumstance, when- 
ever the increasing pressure of the superincum- 
bent air exceeds in a certain degTee the resist- 
ance opposed to the condensation of the clouds, 
by the ascent of the vapour and air from the 
surface; or by the density of its lower stmtum. It 
is in this way, we find, that it rains oftener du- 
ring night ; and when this resistance is subvert- 
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wl kx the day-time, the rain that falls is gene- 
rally heavier and of longer continuance. The 
same doctrine is also applicahle to what i3 ob- 
served of the quantity of rain which falls in dif-.^ 
ferent chmates through the different seasons. . 
This occurrence mpst probably arises from jsuch 
causes as obstruct the passage of the sun's I'ays 
to the earth, and whatever impedes the evapo- ; 
ration of >vater, a$ a cloudy atmosphere, the ab- . 
sence of the solar rays during night, or in win- 
ter in temperate climates. The ope^tion of the . 
former seems frequently to have the effect of 
occasioning rains, in intertropical countries, du-r 
ring the prevalence of certain winds. By this 
doctrine also, we understand why the number 
of rainy days increases in latitudes receding from 
the equator ; and likewise, why the quantity of 
water which falls in rain is much greater in 
warm climates, and in temperate latitudes dur-. 
ring summer*. 

The drops of rain have been always found - 
larger the lower in the atmosphere. The lat^r 
Dr Walker experienced, on descending a high 
mountain, that the drops increased in size as he 
approached the bottom. At a little way below 
tlie summit, the precipitation seemed only a 
gentle mist, which gradually became more dens^ 
as he descended, and, on reaching tlie valley, it 
had increased to a very heavy rain. This hap^ 
pens in consequence of the coalition of the par- 
ticles of condensed vapour, which is probably 
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in a great tnea^i re occSstoiied by the increasing 
gravity of thcf air iA dfcsc^ding. 

The iabof cf circufnstance has b6to like^fee 
confirmed by expefimthfe of th* Bishop of Lfetn- 
dstflP ; though Mr Copknd of Dumfries seems to 
Wave ofecasionally p^rctJved, that more rarh fell 
in a rain-gauge elevated fo a ctiisiii height in 
tWr' fiitfrios']iheTe, thafe in o'fte placed on the earth's 
stirtaeef. He observed Rfc^wise, that When the 
cjtrantMy c6lleef M in the lovi^er gaug6 was great* 
ertj thfe rai^ was always of tonger cJontniiance. 
This afl^airaiice is n6t easily acetyunted for, arid 
very pitbiMf depiendi (m j^ome circuW^sta6celS 
connected with the plaC^ ttrhfere the ejtperimcht 
was condiicfed.- It disagrees with feorhriionii ob- 
stffvatioTi, and is eipressiy different from the re- 
sults afforded by otlier expfetimehts peiformed in 
thfe most accuifete manner in differerit situations, 
In thfe years 177^ and I777j Dr Hebetdeh as-? 
certained the proportions of the quantity of rain 
that fell iri three tain-gauges, placed at different 
heights in the air : one of them tiras placed on 
the ground ; ih^ second wa^ fix^ oh the top Of 
his 6\\n house ; arid the third tv'as situated bn 
the highest tower of Westminster Abbeys all m 
the hiimediate vicinity of edch other. In the 
first gaug-e was received 22.608 inches of rain ; 
in thb second, 18.139 inches, and in the high- 
est only 12.009 inches. Mr Daines Barington- 
conducted some experiments also which lead to 
the same conclusion. They were performed on 
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a vdry hijgh hill m Wales, at i distance from any 
town ; and he found,, thaft tliert was always 
Imlf an inch .iftote rain ifi^i' the gairge on a lerel 
with the sea, them in -the other, a 000 feet high 
on fehe !iH<!)Un^M'* The smaller df^ of mti 
uniTinfg as they ^efscend^ tetolnfe kipgey the 
greater distohfice they have to fe.lt. Itii ffop^ 
this cairse, that s-howers in suA^Wier are tfitore 
heaty, for the tiWe tliey lasf j than at ariiy other 
season of the year. It has beeii forttferly nfjett^ 
tioned, <hat marshy and ma-ritiwie situations^ emit 
a greater quantity of vaponr : these are likewise 
^served to be more rainy. This is also experie^ 
ced to occur iti mountainous countries. Hills 
ai'e often observed to have their summits eotered 
with rain or heavy dew, while the aif remains 
quite dry \p the valleys. Thus, it has been re- 
marked, that on the Andes it rains constantly^ 
and often descends on Quito in prodigious 
showers, while in Peru this circumstance tarely 
occurs. 1 he cause of this has been imputed to 
a supposed attraction between the clouds and 
high grounds of the interior ; and electricity 
has been supposed to be the intfennediate agent. 
But, even oti this supposition, the difficulty is 
riot cleared up. It seems, with more probabili^ 
ty, to be owing to the cold and dense i^'tate of 
the atmosphere in higher situations, which, by 
completely condensing the masses of vesicular 
vapour that are conducted into the interiot by 
the diurhal breeze, are thus stopped by the most 
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sed on the subject, and affords a fact which mi- 
litates strongly against the theory of Dr Huttdn; 
as, according to his opinion, night should have 
been more wet than day, and . tli^ coldest cli- 
mates must have had the greaitest quantity of 
rain. M. Toaldo concludes^ trQmlong observar 
tioti, that in spriing it rains oftefter in the even- 
ipgs than the mornings; but to wai'ds the end of 
summer and in autumn, it rains oftenest in the 
mornings, and then llso stoiins most fi'equently 
happen at a Uttle past sun-rise. He also found, 
that rains occur most frequently at the points 
corresponding to tlie quotidian angJes of the 
moon, and that rain happens oftener at the j>e- 
rigean, and the full and new moon, than at the 
apogean or quarters. 

The quantity of rain which falls in tlie diffe*- 
rent regions of tlie eaith,, varies as much as the 
proportion of evaporation ; nor has this particur 
lar circumstance been more accurately ascertain^ 
ed. Within the tropics, where the rain falls in 
regular seasons, it is found to be much more co- 
pious than in those countries where it falls va- 
riabl3\ At Bombay, during a south-east mon- 
soon, from 15th May to 18th October 1790, 
110 inches of rain have been known to fall, 
which is perliaps much less than the quantity: 
which is devaporated nearer the equator. In 
Madeira, the quantity of rain that falls \'arie8 
from 22 to 49 inches ; at Charleston, South 
C'arolina, it has been frequently foun<J to amount 
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to 56 inches during the year ; at Grenada, even 
126 inches have been precipitaited ; Cape Fran- 
cois in St Domingo, 120 to 260 ; Calcutta 81 ; 
Rome 39. The country around Paris, or what 
is called the Isle of France, is perhaps the driest 
spot in Europe ; the fall of rain there for the 
year, varying from 14 to 23 inches : 

In Essex, it varies from 15 to 26 inches. 

Northamptonshire, 17 to 27 

Manchester, - 25 

Tov^ly, Lancashire, 39 to 41 

Dover, - - 37*52 

Ware, Hertfordshire, 23.6 

London, - - 22.608 

Kimbolton, • 23.9 

Lyndon, - - 22.210 

Chetsworth, - 27.865 

Liverpool, - - 44.41 

Lancas-ter, - 40.3 

Bradford, New England, 31.4 

Kendal, - - 64.5 

Keswick, - 68.5 

Upminster,; - - 19-4 

Berlin, • ^ ^ - 194 

Lyons, i ^ - - ■ -37 

Padua, "^' - 374 

Pisa, ••■ '■•--■■- • ' --'•■ '34i 

Udina, in Italv, - 56 
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There falls less rain in Berwickshire and East 
Lothian, than in any other county in Scotland. 

At Dunse the annual depth is only 26 inches. 
Glasgow, - - 31 

Dumfries, - - 36.727 

Langholm, - - 36.73 

Braxholm, - - 31.26 

Hawkhill, - - 28.966 

At Petersburgh there falls but sixteen inches 
of rain annually ; and the mean quantity of rain 
in England during the year, has been calculated 
at 32 inches; but it appears that this sum is 
much underrated. Mr Dalton has found, that 
both in Kendal and Keswick the mean quan- 
tity of rain has even sometimes amounted to 
84 inches in the course of the year, and, 
from general observations, he makes the 
whole amount over England to be 36 inches, 
including five inches of dew. This nearly a- 
grees with the calculation of Dr Dobson, who 
made it 36.78 inches. Pere Cotte has calcula- 
ted, from data afforded by numerous experi- 
ments, undertaken in different places^ and con- 
ducted with as much accuracy as the nature of 
the subject will admit, that the mean yearly 
quantity of rain which falls between 10° and 
60* N. lat. amounts to 34.7 inches : this he in- 
sinuates may be pretty near that of the mean 
annual quantity over the globe ; but from the 
proportions which fall in different places, as 
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stated above, we should suppose this calcula- 
tion is much under the real general quantity of 
rain. 

The vesicular vapour contained in the lower 
stratum of the atmosphere, is frequently preci- 
pitated during the absence of the sun from the 
horizon ; and it then sometimes appears as a 
rare uniform cloud, floating over the earth's 
surface, which resumes the state of water on 
coming into contact with the ground, whose 
temperature, as has been shewn, is lower in that 
season. This moisture remains on the leaves of 
plants, and on other parts of the surface of the 
earth, and is denominated dew, fog, mist, haze, 
&c. according to the abundance and celerity of 
its precipitation. This is ascertained to be a 
slow condensation of vesicular vapour, in con- 
sequence of tlic tempei-uture of the air becoming 
gradually more cool, as the sun declines from 
the horizon. This opinion of the nature of this 
precipitation, is confirmed, by finding that dew 
falls but sparingly at sea, and is most copious 
at a little before sun-rise, and after sun-set, 
Dews aie rarest about midsummer, the earth 
being then more arid, and its temperature greater 
as well as that of the atmosphere. No dew ever 
falls, in, the sandy deserts of Africa : it is most 
copious in calm weather, when the evenings are 
cool, having been preceded by a warm day, the 
wind blowing gently from the south or south- 
west ; but there falls no dew when the north 



224 OP EVAPOJRATrojr,.&c. 

wind prevails. Dew is also most abundant m 
insular situations, sea-coasts, anc( in the vicini- 
ty of marshes. In several countries, the fall of 
;dew is so copious and regular, that it jseems 
to supply the wa.nt of rain, as in Lower 
Egypt, Lima, the coast of Arica, &c. &c. Dew 
falls more plentifully on meadow grounds than 
on ploughed lands ; and it is supposed to have 
a greater attraction for animal and vegetable 
surfaces, for crude fossils, china, glasis, and 
silk ; and that it is repelled by all polished me- 
tals, but i3 attracted by them when covered 
with rust : it is supposed to be deposited copi- 
ously on ideo-electrics, but not on conductors. 
Muschenbroeck supposes, that it is likewise /in- 
fluenced even by the colour of matters,- having 
a greater affinity to substances of a bright co- 
lour, than such as are of a deeper shade. In e- 
very country the low grounds are most covered 
with it, nor does it seem to reach to heights 
of even a few feet elevation. Volney founds 
that the high grounds of Syria were frequently 
free from dew, when the low situations were 
most plentifully covered with it. ■. iHoar frost 
agrees in many of these particulars with the 
formation of dew, and seems only to differ by 
appearing in a very low temperature of i the air. 
Dew only remains on the ground till the force 
of the sun's rays is sufficient to cause its eva- 
poration : for this reason, it is never seen to re- 
main through the day; and it is always most 
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I'euiarkable about sun^rise aad sun^set, there be* 
ing the greatest difference at both those sea- 
^ns between the heat of the earth and atmo- 
sphere. Hie formation of dew has been very 
generally imputed to electricity; chiefly because 
it seeras to have a predilection to settle on 
sharp points^; and M. Achai'd, in tlie Berlin 
Alemoirs, taking notice of this circumstance, 
mentions, that a sudden overcasting of serene 
weather, indicated variations of the electricity 
of the lower air. It was the opinion of M. Le 
Roi, and other celebi^ated naturalists, that dew 
was not always produced from the air, but that 
it frequently appeared in consequence of exlia^ 
lations from the earthy and also from growing 
plants. Muschenbroeck confined its origin to 
these two last sources, and he imagined this o- 
{>inion was confirmed by observing, that dew 
falls rarely on efevated grounds, and that it ne- 
ver reaches the tops of buildings ; and also, by 
finding that dew is frequently perceived to 
possess peculiar properties. In opposition ta 
tliis opinion, M. Ek very justly observes, that 
were dew entirely owing to exhalations fronx 
the soil aaid plants, we should find some mois^ 
ture adhering to the under su'F&ces of the leaves 
of vegetables, which is never perceived; and that 
plants would be tliereby lighten itt ^e morning, 
which is contrary to his experience, Pere Cotte 
;^mnd, by covering up an artichoke under a bell 
glass, that the surfaces of its^ leaves were cover- 
ed with dew ; butthie most probably took place 
Vol. I. P 



326' OF EVAPORATION, &C^ . 

in- Consequence of the condensation of its owm 
exhalation. 

The water of which dew is formed, has* been 
found to possess properties different from raia 
water in general, and even to vary in its nature. 
It has been said that dew corrupts sooner^ and 
that it contains a greater, proportion of oxygea 
gas than min ; others affirm,- that even a spirit 
has been extracted from it by distillation. Bo- 
i'elli asserts, that in some instances dew has» 
been found capable of dissolving gold. Mi- 
chael found some that contained a portion 
of muriatic acid ; and Digby imagined he had 
discovered nitric acid in some dew water he. a- 
nalyzed. The dew of some countries contains 
more heterogeneous matters in it, than that 
which is found in other climates, and is there- 
by extremely pernicious to health. Thus, the 
devaporation, in form of dew, that takes place 
in the evenings all over Batavia, in the W.est In- 
dies in general, and other tropical countries, in the. 
Campagnaof Rome, vicinity of Naples, inHun-^ 
gary, &c. generally produces diseases. ii^ those 
ijiuch exposed to it, and especij^Uy if a person, 
falls asleep in the open air while it is separating.. 
De Tott also mentions, that in the island^ o^ 
Crete the bay laurel sheds its effluvia so far a- 
rouiid, as frequently to destroy those who un^ 
warily fall asleep under its shade. The perni- 
cious effects of the vapour exhaled from the; 
boa-uppas tree,, is likewise well known to th©# 
inhabitants of Java. The heavy dews whicli* 
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fall in Egypt have likewise been assigned, by e- 
very writer on the climate and diseases of that 
country, as a chief cause of the ophthalmia, 
which is so frequent amongst its inhabitants. 

' From the causes already pointed out, which 
are supposed to produce the matters which com- 
pose dew, it is found, that in many instances, this 
liquid must necessarily be impregnated with the 
more volatile and soluble matters of the soil, as 
well as the exhalations from plants^' and as this 
species of devjtporation always consists of what 
has been most recently evaporated, we are 
thereby better able to account for the variety 
of heterogeneous matters that are occasionally 
discovered in it. ^Its general composition, ac- 
cording to Pere Cotte, is, 1*^, Water ; 2rf^, A 
greater proportion of earth than w^hat is found 
in rain water ; Sdly^ Muriatic and nitric acids ; 
Athljf, A kind of unctuous earth left by its eva- 
poration. « We may therefore conclude with 
M. Ek and others, that dew appears in conse- 
quence of the decreasing temperature of the air, 
in the evenings, nearest the earth's surface : the 
vapour and exhalations, which had been previ- 
ously elevated by the force of the suri's heat 
during his continuance upon the horizon, then 
begin to assume the liquid form, the decli- 
ning temperature of the air being insufficient to 
retain them in their elastic state. Dew being 
moisture devaporated from the stratum of air 
nearest the earth's surface, affords an explana^. 
tion whv it is never discovered on elevated si- 
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tuations, and why its properties should be occa- 
sionally so various. 

When the transparency of the atmosphere is 
completely obscured, during the precipitation of 
humidity in the form of dew, it is moi-e usually 
denominated fog or mist ; and this term is ap- 
plied to denominate tlie same circumstance^ 
whether it ogciu*s during day or in the evening.. 
This meteor is likewise divided into marine and 
terrestrial fogs, according to the nature of the 
medium over which it hangs. Fogs never rise 
high in the atmosphere. The late Dr Darwin 
gives an account of one which overspread a 
tract of ground through which he had occasion 
to ride. He experienced, that on every rising 
ground he was quite above its level, and then 
the sky appeared distinct and clear ; though, in 
the low gfound, the haze was so thick, tliat he 
could scarcely discern the length of a yard be- 
yond his horse's head. North-east winds very 
often conduct such mists into Britain. During 
the time these most commonly prevail in Europe,, 
the temperature of the ocean over which they 
blow being at that season greater than the adja- 
cent lands, is continually covered vrith a haze 
or fog : it is therefore in consequence of a quan- 
tity of this vapour being driven forward by the 
particular current of air, that Ave owe its appear- 
ance ill this island. But a similar exhalation 
often arises during winter from the seas, lakes, 
and large rivers in the more temperate climates. 
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Fogs which appear during day, have been supr 
|)osed to arise from the ground over which ^ 
they spread, and ought not to be considered as 
4a deposition of humidity from the lower stratum 
of the air. When terrestrial fogs appear, the}^ 
sue regarded as prognosticating dry wea^ther. 
They are generally very unhealthful, especially 
in chmates where the diurnal heat is great. 
Marine fogs are attended with no other bad ef- 
fects to the health, than what arise from the 
damp they leave upon the surface. 

There was a remarkable fog which spread 
over the whole of Europe, and part of Asia and 
America, for some months in summer 1783. It 
was perfectly dr}^ and did not deposite humidi- 
ty. During its continuance, the electricity of 
the air was increased, and thei^ happened a 
great deal of thunder and lightning. At that 
time, Mount Hecla in Iceland was in a state of 
jeruption ; and it is imagined, that it had its ori- 
gin from that source., Terrestrial fogs generally 
originate from similar sources as those of dew ; 
the air at such times being more impregnated 
with vapour, and the causes of devaporation be- 
ing more forcible in their operations. But, be- 
sides the sources we have already mentioned, fogs 
likewise occur from the spjay formed by exten- 
sive water-falls : that occasioned by the cataract 
of tlie Niagara is said to spread to the distance 
of two miles. But perhaps the most beautiful 
meteor of this description is that formed by thr 
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river Velino at Ternia in Umbria. This river 
takes its rise from the lake Di Luco, and has a 
verj^ rapid course till it reaches the extremity of 
the hill Del Maraiore, whence it dashes over a 
precipice of more than 200 feet, and with such 
rapidity and force, that it is at all times sur- 
rounded with what the natives call " un polve- 
rina d'acqua," which even rises several feet above 
the mountain's top, and is so thick as to ob- 
struct the rays of the sun. 

Snow and ice, we have already seen, are only 
varieties of the same change produced in water 
in consequence of the deprivation of caloric. It 
cannot therefore be doubted, that snow has 
its origin from the vapour mixed with the air ; 
and that the peculiarity of its form and appear- 
ance is merely owing to thc«extreme tenuity of 
the vapour from which it is condensed^ and to 
the low temperature of the medium where it if 
foimed. It is the temperature of tlie atmosphere 
which is evidently the c^use of the immediate 
production of snow ; as it only occurs when the 
air contains a considerable quantity of vapour, 
and its temperature is reduced to the freezing 
degree. . Snow was formed in the atmosphere 
of a crowded assembly-room at Petersburgh, by 
a stream of cold air having been admitted into 
the apartment through a broken pane of glass. 
It has been seen to be formed in similar circum- 
stances by Pallas, Ghappe, and others who have 
wintered in Siberia : and bv the narrative of 
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those Dutchmen who wintered in Nova Zem- 
bla, we are informed, that a fall of snow, from 
the vapour of expiration, occurred every time 
there was any communication with the external 
air. Snow is perhaps never formed high in the 
atmosphere ; on the contrary, it seems only to 
appear when the point of congelation in the air 
is nearest the earth's surface, and when the low- 
er' stratum of the atmosphere is much loaded 
with vapour. Its peculiar appearance seems 
likewise to show, that jcold occasion^ its conge- 
lation before the vesicular vapour has time, to 
collect into clouds, and immediately on itss con- 
version from the elastic state. 

Hail very rarely appears beyond the 60° of 
N. lat. It occurs frequently in the warmest 
climates, and in temperate latitudes during sum- 
mer. . Thus, it very rarely hails in St Peters- 
buigh ; but it is frequently met with in Egyptu 
and in climates even under the equator. - It 
sometimes occurs in winter after considerable 
falls of. snow ; and its appeait^nce in sum^ner is 
generally followed by a thunder stonn, whidi is 
frequently succeeded by a milder temperature 
of the air. Hail is almost always of a round or 
oval figure ; and it varies in magixitpde, from a 
very minute size to that of a pigeon's vCgg, or 
^ven larger, its size being always smaller in the 
more northern climates : the larger size is most 
frequently experienced in the south of Europ^^ 

P4 
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where its effects arc most dreadfully destruc- 
tive. 

Hail has nevertheless been frequently expe- 
rienced of a large size, of an angular or irregu^ 
lar shape ; and theq it is frequently mixed wilii 
small animals, bits of straw^ wood, and earth : 
but in these circumstances^ it is more reasonable 
to presume^ that such matters have been pre- 
viously elevated fkom the earth's sur&ce by the 
c^ration of a whirlwind^ or some similar meteor. 
Says the ingenious and accurate Volney, in his 
View of the Climate, &c. of America. " I bad 
long lefused to credit the exbtence of those 
hailstones said to weigh ounces, and even 
pounds, of which liewspapers and travellers too 
frequently speak. But tlie storm of the 13th 
of July 1788 affords me the conviction of my 
own senses. I was at Ponchartrain, ten . miles 
from Versailles, and going to see a sheep-walk 
at six o'clock in the morning, I found the ray^ 
of the sun intolerably scorching : the air. wa^ 
calm and suiFocating ; that is, it was ex^emely , 
rarefied : the j^ky was without a cloud ; yet \ 
heard four or five claps of thunder : about a 
quarter after seven, a cloud appeared in the 
(South- west, and then a very brisk Avind arose. 
In a few minutes, the cloud filled the horizon^ 
and speeded toward the zenith with an increasf^ 
of the wind ; and a hail-storm suddenly came 
on ; the stones not falling perpendicularly, but 
obliquely, as at an angle of 45 ^ and so large. 



that you would have taken them fof pieces of 
niortar from a roof falling dgwn. ^ I could not 
l>eliev^ my own eyas : mMiy of die stones were 
larger th^i a man's fist ; and I observed, too, 
that several of these were only fragments of 
larger pieces. "- When I could isafely venture my 
hand out of the door of the house to which I 
liad very opportuijiely retired for shelter, I took 
up one, and found it to weigh moi« than five 
ounces by a, common pair of scales. Its shape 
was i^ery irregular, and it had three principal 
horns, as big as the thumb, and almost as long, 
projecting from the nucleus on which they were 
collected. I have been credibly infi3rmed, that 
a hailstone at St Germaines weighed more than 
three pounds : and after this, I know not what 
surpasses belief." I have preferred giving the 
aljove quotation from the works of one of the 
most eminent philosophers of the present 4ay, 
rather than to refer to the writings of others, 
where similar facts are so apt to be embdlisbpd 
by prejudice and love of the marvellous. 

The formation of hail has been supposed by 
Beccaria and others to be occasioned by the in- 
fluence of electricity, and that it must therefore 
have its origin in the very higher regions of the 
atmosphere; but whether or not the formation of 
this meteor be owing to the power of that fluid, 
-it will be generally agreed, that its origin takes 
place in tlie very elevated tracts of the air; 
J^ut neither the peculiar figure of hailstones, 
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HOT the thunder storms that generally accom- 
pany their appeamnqe, will warrant a conclusion 
for the proof of the above theory in toto. Mus- 
chenbroeck, whose judgment and accuracy of 
•observation were of the first rate, found, that 
every hailstone contains as it were a nucleus, 
•which is much harder than the outer lay^r ; and 
he imagined, that this nuclejus acquires its exr- 
temal softer covering by pasring through strata 
of air loaded with vapour, which it condenses, 
and freezes in its descent. By passing througii 
different strata of the air, it may be reasonably 
suppo;sed, that a communication, and conse- 
quent equilibrium in their different conditions 
of electricity wiU thereby ensue, which will 
•consequently give occasion to the thunder storm 
'that usually succeeds. The opinion ^ Mus- 
<;henbroeck is -better suited to explain the ap- 
pearance of hail, in certain latitudes and sear- 
sons ; and the examination of a large hailstone 
will convince any one of the accuracy of his 
observation. 

Hail is probably formed even afcosve the lower 
term of congelation in the air ; as it would ape 
^ear, that in the formation of that substance, 
the condensation of vapour, and its immediate 
congelation, must rapidly succeed each other : 
its greater specific gravity will then cause its 
immediate descent, and in its passage it will ac- 
quire its peculiar form. In this way, we are en- 
abled to account for the appearance of hail in 
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the warmer regions of the earth, and during sum- 
mer in temperate climates : this likewise aifonds 
a reason, why in these circumstances its size is 
larger. Snow itself, most probably, would ap- 
|)ear always a« hail, were it formed equally 
high in the atmosphere : the delicate texture 
in which it appeal's, would necessarily assume a 
round compact figure in its descent, in conse^ 
quence of the compression of the air. . Mr Dal-» 
ton supposes, that the formation of hail may be 
occasioned by vapour already condensed, pass- 
ing through a stratum of air cooled below the 
freezing point : though itjs impossible to deny, 
that this • may not sometimes take place, yet 
the observations of Muschenbroeck seem to b^ 
more satisfactory^ in explaining the circumstan- 
ces connected with the most common appeaxt. 
ances of this meteor. ... 

Water-spouts are observed to occur both at 
land and at sea : some countries are more harass- 
ed with them than others; but their appearance 
varies according to the medium on which they 
arc placed. Thus, in this species of meteor 
which occurs at sea, the waters seem to ascend 
into the atmosphere, while those met with at 
land, are chjuacteri^ed by a sudden discharge of 
an immense quantity of water upon the surface. 
Water-spouts have received* diiferent appella- 
tions according to their appearances : but, 
though tliey seeiji to disagree in their phenome^ 
n^y thev come to be treated of under the same 
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head ; the one being probably at all times the 
ibttenmner of the other. Water-spouts, whether 
of the ascending or descending Hind, are always 
accompanied with stairos of wind and thunder : 
these storms are supposed to attend most fre- 
quently those water-spouts usually met with at 
sea. Both species of water-spout are most 
common within the tropics, though j^-obably no 
diinate is exempt from them. Such as have 
the water elevated from the surface into the at- 
mosphere, are fpequent on the coast of Africj^ 
where they appear in considerable numbers at a 
time, and are said tp occur oftenest about tine 
rising or setting sun, and about the eqjttinoctiajl 
periods, rather than at any other season of th« 
year. They evidently happen most frequently 
in those latitudes, where the temperature of the 
air and the eYapojration from th,e surface arp 
greatest. 

The water-spoul;, jdenominated typhon, or 
syphon, when the water ascends from the sur- 
face of the ocean, is a meteor extremely danger- 
x)us at sea : ships are said to have been drawn 
within its vortex, raised to a considerabki 
height, and then dashed into the ocean. Ves- 
sels often founder by these spouts brealung over 
them. Dampier relates an instance having 
occurred, where, although the sails had -been 
previously furled, and every arrangement made 
to prevent any disaster, yet, by the force of the 
water falling upon the deck, tl;e masts were 
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broken off, and the ship otherwise so shattered, 
that she was rendered a complete wreck. 

This meteor is always seen to commence im- 
mediately under a very dark cloudy which ap- 
pears to hang unusually low in the atmosphere^ 
declining considerably downward with one of 
its edges: at other times, it has an elongation 
from the most dense part toward the Avater ; 
the sea is then perceived to boil violently be- 
low, and over a space corresponding to the vo- 
lume of the cloud ; a Umd uniform rumbling 
noise is heard in the superincumbent atmo- 
sphere, white, at the same time, a column of 
dense vapour appears to ascend, which, uniting 
with the pendulous portion of the cloud, ren- 
ders it. still more dense and dark : the appear- 
ance which the water-spout then assumes, bears 
a considerable resemblance to the fig-ure of a 
speaking trumpet ; the mouth being represent- 
ed by its junction with the cloud, the column 
tapering gradually to the surface of the water, 
where it is narrowest : at other times its fisjure 
represents the form of two speaking-trumpets, 
joined at their smallest extremities, which cor- 
respond to the middle of the column. This 
kind of water-spout is not always stationary, 
but moves about with the current of the wind. 
The pillar has been supposed to be hollow, and 
that the vapour ascends on the outside of a cy- 
lindrical tube, the rays of light having been ob- 
served shining through it ; but an appe?irance 
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of this kind leads frequently to deception ; it 
therefore cannot be admitted as an absolute 
proof of the existence of an internal cavity in 
the column. Their duration lasts from the space 
of a few minutes, to an hour or two. The cir- 
cumference of the column is from the size of a 
foot, to that of 40, 50, or even 100 feet. Thi«^ 
species of w^ater-spout is not confined to the sea' 
alone ; there was one observed some years ago 
in the Lake of Geneva, Avhich continued seve- 
ral minutes. The ascending water-spout conti- 
nues most commonly till the cloud becomes too 
forcibly impregnated with vapour ; the super- 
fluous water contained in the cylinder is then 
precipitated with an immense crash ; light- 
ning, together with thunder, and a strong wind 
whirling in all directions, accompany this mode 
of termination. At other times it dissipates 
calmly; the sky clears up, the cloud having dis- 
persed through it, while the surface of the 
ocean becomes smooth and clear. Sailors usu- 
ally cause them to disperse, by firing a shot at 
the cylinder; as they break by whatever inter- 
rupts the communication between the cloud and 
the ocean. V^arious hypotheses have been ad- 
duced in explanation of tlfis meteor; but Dr 
Franklin, Brisson, and Beccaria, have brought 
forward the most plausible arguments in proof 
of its electrical origin. This opinion seems pro- 
bable, from many circumstances connected with ' 
the phenomenon in ([uestion : it appears in cpun*- 
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tries where electric meteors in general are most 
frequent : lightning is also commonly percei- 
ved darting through the cloud with which the 
columa is united ; and it is likewise seen to 
play around the cylinder or cataract itself. 
Water-spouts are also known to have been dis- 
persed, by presenting a sharp-pointed knife, or 
other piece of metal, which probably acts by 
giving the electrical fluid a different course. 
Beccaria and others have found, that the elec- 
tricity of the atmosphere is considerably influ- 
enced by the appearance of dark clouds upon 
the horizon, and a similar cloud always appears 
at the commencement of the ascending water- 
spout. Neither are we acquainted with any 
other power that could produce so strong an at- 
traction between a cloud and water, as to cause 
it ascend m opposition to its own gravity, and 
tliat of the superincumbent atmosphere. Abb6^ 
Richard^ however, endeavours to prove, that this 
species of water-spout is produced inconsequence 
of the collision of opposite currents in the air, 
which^ by causing a kind of eddy, the water is 
in this manner forced upward. That eddies are 
formed in the atmosphere occasionally, will be 
readily allowed jJbut unless these have the power 
of producing a vacuum in the atmosphere, it 
is impossible that vapour could ascend in it, 
in a manner equal to constitute this meteor. 
Count de Buffon, to get rid of this difti- 
eulty, assumes some principles still more fan- 



5540 OJF EVAPORATION, &C. 

dful and gratuitous^ in explaining the cause 
of this meteor. He thinks there is a central 
fire in the earth, ccwnposed of sulphuireous, bi- 
tuminous^ and mineraJ matters, and that the 
extrication of air from these inflamed substan-^ 
ces, finding an easier outlet under the ocean, 
gives occasion to this meteor, by forcing the 
water up before it. M. Brisson, and afterwards 
Beccaria, conducted an experiment, by means of 
an electrical a|)paratus, which, although it may 
not be regarded as a decisive proof that electri- 
cit}" is the occasion of water-spouts, it will ne* 
vertheless be considered as giving corroboration 
to an opinion, which affords a more satisfactory 
explanation of this phenomenon, than any other 
hypothesis that has yet been advanced on the 
subjects He supported a drop of water from 
the prime conductor of his electrical apparatus, 
by means of a pointed wire, and, placing it over 
a vessel of water, all the appearances of atn a- 
seending water-spout immediately succeeckcj,, 
(ixcept the previous appeai-ance of vapour : the 
reason why this did not become visible, was, he 
thinks, owing to the want of power in the elec- 
trical machine. Now, in consequence of the 
variations of electricity in the clouds at diffe- 
rent times, and which give occasion to thunder 
storms, when an equilibrium of that fluid is re- 
established, it can be readily supposed, that a 
considerable mass of vapour, which at all times' 
abounds with electricity, may be so positively 
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charged with that fluid, as to render its attrac- 
tion for water sufficient to qvercome the resis- 
,tance to its ascent. In this way tl:^ water, in 
the form of vapour, will ascend into the cloud 
with increased velocity, owing to the increasing 
pressure of the atmosphere around the base of 
the electric attraction on its surface. Tlie phe- 
nomenor^ will therefore continue, either till the 
electricity is lessened, by being communicated 
to an additional quantity of matter, or till the 
water that ascends is in too great quantity to 
bt supported in the atmosphere ; or till the pro- 
cess is interrupted by some other adventitious 
occurrence. The electrical origin of this spe- 
cies of water-spout is rendered still more pro- 
bable by reflecting, that in consequence of eva- 
poration the surface of the ocean must be con- 
tinually giving off electricity ; and during day 
it is perhaps commonly in a negative state. 

The next speqies of water-spout we have to 
consider, is probably that meteor distinguished 
by ancient writers by the name of I>ipsides, 
and which was long ago remarked as being pre- 
valent among the Grecian isles. This, like the 
fomier meteor, is observed to occur more frcr 
quently in climates where the evaporation is 
great, though it occasionally appears in a less 
degree in every region. Perhaps as accurate a 
description of this meteor as any recorded, is of 
one that fell on the confines of Burgundy, May 
28. 1741, and which is related in the works of 

Vol. I. Q 



242 OF EVAPOR^VTION, &C. 

Abb^ Richard, who was a witness of tlie cir- 
cumstances. " At four o'clock in the after-' 
noon, the wind being south, tlie air warm, and the 
atmosphere overspread with thick black clouds,, 
collected by the winds over an elevated ground 
covered with wood on the north-west; thun- 
der was heard from this quarter : and after a 
report of thimder more violent than the others, 
there scarcely fell a few heavy drops of rain to- 
ward the souths at the distance of lialf a league 
from the place over which the clouds appear- 
ed stationary. But an hour after, a valley, 
through which a rivulet run, that usually con- 
tained about the depth of six inches of water, 
and about a foot in breadth,^ was AvhoUy jfilled 
with water, to the extent of 60 toises, and of a 
depth from 12 to 15 feet^ This inundatioii was 
occasioned by the falling of a water-spout, at a 
short half league distant to the north on the 
rising ground. There it had fallen with such 
violence, that trees^ were torn up by the roots;, 
whole flocks, with their shepherds, and even 
their, dogs, were drowned ; and all this hap- 
pened on a height, where naturally they could 
not have expected such an occurrence. The 
fall of the water upon the declivity had been 
so great, that the trees and bushes were^ in a 
manner crushed to pieces by it. On the height 
of the mountain the rain had been very slight ; 
but all the soil over its side, and a quantity of 
the trees, were carried down into the valley." 
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This meteor is generally preceded by a very 
loud noise in the air, ^ different from that of 
thunder,' and commences previous to the ap- 
pearance 6f lightning : this has been supposed 
to originate in consequence of the tendency of 
the atmosphere to regain its equilibrium, and 
that the agitation and friction of tlie air from 
that cause, give occasion to the subsequent elec* 
trical phenomena. Indeed, tlie circumstances 
connected with the descending water-spout^ 
have been also attempted to be explained on 
electrical principles, and in t];e same manner as 
thunder storms are produced. Thus, different 
strata of air, containing clouds differently 
charged with electricity, will always have the 
vapour of which they are formed condensed 
and precipitated, by the intervention of what- 
ever causes an uniformity in their electrical 
states. The stratum containing the vapour ele- 
vated during the day, will not only be more sa- 
tur. ted with it, but must likewise contain a 
greater proportion of electricity, than the stra- 
tum in which the vapour elevated over night is 
suspended. The former w411 therefore press 
downward as soon as its elastic vapour is con- 
densed into the vesicular state, and it will de- 
scend still lower in proportion to the difference 
of temperature in the air between night and 
day : it is prevented from unitipg with the sub- 
stratum, by their difference in pomt of electri- 
city; and its condenstion is likewise resisted 

Qa 
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by the more clastic state of the vapour in tTie 
latter : but when this resistance is overcome, or 
when circumstances occuf to rendei* their electri- 
cal states unitbnn, appearances succeed, which, 
accot'ding to their magnitude, are either called 
a thunder storm, or a water-spout. But al- 
though it be admitted, that electricity is a com- 
mon agent in occasioning this meteor, it has 
however been perceived, that this also take& 
place when electrical appearances seem rather 
adventitious than as giving Origin to the phe- 
nomenon. Even; atom of matter in the- vast 
space of the atmosphere reciprocally compresses 
each other ; this gives occasion to many im- 
portant phenomena; and it is by this efiect, caus- 
ing a difference of gravity in the strata of tlie 
air, that Vohiey supposes water-spouts are occa- 
sionally produced. But, supposing that the 
ascending water-spout is occasionally the cause 
of the species now under consideration, by a 
precipitation of the vapour that had been ele- 
vated by it from the surface of the ocean, the in- 
fluence of electricity must also be admitted as 
sometimes producing this effect : thus, suppo- 
sing the dense cloud occasioned by the ascend- 
mg water-spout to be in a positive state of elec- 
tricity; from its great density and weight it will 
hang low in the atmosphere, and should it de- 
scend within the distance where it mav be at- 
tracted by bodies in an opposite state of electri- 
city, as hills, tall trees, forests,. &:c. the usual ap- 
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3>caTanccs iiuist iinniediately follow, — an iiTi'- 
jiiense discharge of water, accompanied by thun- 
der and lightning. 

Having delivered a general account of e\'a- 
poration from the earth's surface, and the man- 
ner how this vapour is again returned, before 
dismissing the subject it may be interesting to 
atiention some circumstaaac^s regarding the pro- 
portions which rain and vapou;i' bear to each o- 
ther. It has been already mentioned, that in 
some local situations, the fall of rain exceeds 
the quantity of water raised in vapour. But the 
calculation of the propo;it.ion of evaporation o- 
vcr the Avhole globe, as determined by Abbe 
Richard, exceeds considerably the general 
quantity of rain as supposed by Pere Cotte. 
For reasons already mentioned, it seems im- 
possible to ascertain accurately the quan- 
tity of eitlier ; but it has been supposed, 
that the evaporatioh of \yater considera^ 
bly exceeds that which is dissolved in the 
form of rain, snow, or by aqueous meteors ii^ 
l^eneral. Tliis opinion is in some degree con- 
fumed by the observations of M. Hassenfratz on 
this subject : nevertheless, for reasons which 
immediately follow, it does not appear that the 
general proportion of evaporatioi^ is much 
greater than the quantity of rain Avliich falls o- 
.\CY the diflerent regions of the earth. It is ob- 
served, that the quantity of evaporation both 
from land and water, in the frigid and tempe- 
rate zones, is not equal to the quantity of rain 
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that falls there, otherwise there could be no ri- 
vers ; and in proof of tliis opinion, we are sup- 
ported by Mr Macgowan's experiments ; the e- 
vaporation of water for the space of five years 
having been found to be much less than the 
quantity of rain in the vicinity of Edinburgh. 
On the other hand, it seems probable, on consi- 
dering the great quantity of vapour which is rai- 
sed within the tropics, that there evaporation 
exceeds thequantity of rain which falls. Besides, 
on considering the immense space which the 
ocean covers, the more constant and equable e- 
vapgration from its surface, and the smaller 
quantities of rain that fall over that medium, 
it may at first sight be supposed, that these 
two processes do not bear a proportion to each 
other. It was the above circumstances which 
first gave origin to the opinion of the decompo- 
sition of vapour in the atmosphere ; but, from 
what has been already stated, it does not appear 
that this ever takes place. It therefore afltbrds 
a subject of interesting inquiry, to ascertain 
what becomes of the quantity of vapour that }s 
raised within the torrid zone, and ov^r the ocean 
in general ; this being greater than the rain that 
falls in those situations. It is, in the first 
place, reasonable to suppose, that the rains 
AN^hich fall in the temperate and frigid regions 
of the earth, are supplied in considerable propor- 
tion from those sources of evaporation, which 
is carried by the different currents of air from 
the equator towards the poles. It is likewise 
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rendered probable, by experiments^ that a con- 
siderable portion .of the vapour in the itmo- 
sphere over every ^country is directly imbibed 
by the plants growing on the soil. This 
opei'ation goes on most briskly during night. 
Two fig-leaves of ordinary size were found to 
absorb two drachms of water in the space of five 
hours. As all plants have tlierefore a power of 
imbibing water, though perhaps not in so great 
proportion as these experiments point out, it 
will be sufficient to account for the disappear- 
ance of a considerable portion of vapour. Dr 
Hales always found, that when a slight rain, or 
some dew, &]! in the evenings, that a sunflower 
growing in a pot was considerably increased in 
weight. But M. Ek ascertained, in various ex- 
periments, that plants were uniformly heavier 
in the morning, whether dew was precipitated 
or not. From these facts, there is every reason 
to believe, that the leaves of plants have the 
power of attracting vapour from the atmo- 
sphere, and that this process goes on most 
bri«kiy during night, when the moisture of the 
atmosphere is more abundant in the lower 
strata. 

The general evaporation of water, and its sub- 
sequent condensation, answers the most import- 
ant purposes in regulating the temperature of cli- . 
mates. By the cold produced in tropical countries 
in the formation of Vapour, thei r heat is so temper- 
ated, as to render them habitable, which they o- 
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therwise could not have been ; and the heat thus 
absorbed by the vapour being again communi- 
cated to the atmosphere over the temperate and 
frigid zones, as it becomes condensed, and de- 
scends in ram over those climates, it in this way 
serves to render the temperature of the latitudes 
nearer the poles more mild, and thereby softens 
the rigour of the cold season all over the .hemi- 
sphere which happens to be opposite to the 
sun's tropic. The manner by which this is ef- 
fected will appear more manifest, as we proceed 
in the investigation of the matter of the follow- 
ing section ; and will afford us a subject of the 
most sublime reflection on the beneficent provi* 
deiice of Supreme Wisdom. 



SECT. II. 
OF WINDS. 

The causes which effect variations in the mp* 
tion of the atmosphere, are so many and so 
complicated, that, for a long period, no reason- 
able theory of the nature of winds was ascertain- 
ed. Indeed, until the celebrated Dr Halley 
published his observations respecting this me- 
teor, the subject appears to have been given up 
as totally inscrutable. But the labours of that 
ingenious man, and the mdustry of succeeding 
travellers, have afforded us a more correct de- 
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scription of those winds whose tract is perma* 
nent aud unifomi, which has consequently led 
us to a more intimate knowledge of their causes; 
as well as other circumstances connected with 
the natural history of winds in general. Since 
the commencement of last centuiy, many of the 
properties of the atmosphere have been discover-^ 
ed, on which the formation of winds depend. 
The theory of heat alone has constituted an im- 
, portant a^ra in the study of every branch of na- 
tural philosophy: but in no instance lias the 
knowledge of its effects been of greater advan- 
tage, than as elucidating the subject of aerolo- 
gy. Besides the direct influence of caloric upon 
the air, the knowledge of its general properties 
enables us to ascertain the effect of many other 
causes, in creating agitations in the atmosphere, 
which would have otherwise remained unknown: 
therefore, while the subject continues to be in- 
vestigated on principles of experimental philo- 
sophy, we have every reason to expect, that 
at a period not very remote, we shall be put in 
possession of every explanation respecting the 
formation of this phenomenon. 

Wind may be defined to be a portion of the 
atmosphere, flowing to a certain point, with a 
degree of velocity greater than its usual rate of 
motion. The causes of this increased celerity 
seem, in general, to be such as produce a partial 
condensation or rarefaction of the air. It has 
been formerly pointed out, that there is eveiy 
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reason to suppose, that the surface of the atmo- 
sphere itself is in a state of equilibrium, or ap- 
proaching to it ; but being of unequal density 
over the differejit latitudes, the height of its co- 
lumn must Jtherefore decline from the equator to 
the poles. This variation of its density gives 
rise to a general cunent of air, >yhiich flows re- 
ciprocally at all times from one of the poles to- 
wards the line ; the den,ser aij oyer the former 
latitudes passing forward to occupy jthe place of, 
that which is mor-e rarefied within the torrid 
zone. Though this wind is permanent iri a cerr 
tain degree, it must evidently alternate in point 
of force in the north and south hemispheres, ac- 
cord i tig to the season of the year. Thus, from 
the vernal equinox to tiie summer solstice, on 
the north side of the equator, the current from 
the pole is found to be stronger and less. easilj'- 
deflected than at any othei* period.. In the 
southern hemisphere, on the contrary, the wind 
from the south pole is strongest during the per 
riod that intervene^ between the autumnal equir 
nox and the winter solstice. Tli^se winds do 
not always blow with an equal force, nor exactr 
ly in the same direction. The current from the 
north pole towards the equator generally sets in 
about the vernal equinox, and continues to be 
the most prevalent wind in this country till 
some time after the summer solstice. It appears 
on the eastern coast of Britain as a north, north- 
east, and east wind, occasionally varying its dir 
rection a point or two. 
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The course of the sun in the zodiac, occasions 
that planet to be vertical over the equator, at 
tvvo different periods of the year : once in a- 
scending to the most northerly position, and 
again in approaching the southern tropic ; the 
atmosphere within these limits being more heat- 
ed than in any other latitude ; the influence of 
the sun's rays being more constant, and of near- 
ly tlie same degree of intensity through every 
season ; the current of air within the tropics is 
therefore found to flow always nearly in the 
same direction, and with the same velocity. It 
is on that account denominated a general or 
permanent wind, and is known to Europeans by 
the name of the north and south tiade-wind, 
according as it occupies th^ north or south tro- 
pic. When locaj circumstances interrupt the 
uniform influence of the sun's rays within the 
tropics, as high mountainous countries, or fre^ 
quent intersections in the ocean with large 
islands, or continents stretching into it, varia- 
tions of the general trade-winds are thereby pro- 
duced ; and these variations constitute what are 
called periodical winds, as they have an alter- 
nate course, according to the sun's position in the 
ecliptic. These winds chiefly occur in the Indian 
Ocean, and in the gulfs and straights commu- 
nicating with that sea, the regular course of the 
trade-M'ind being there interrupted. There is 
likewise other periodical winds which have their 
cpurse without the tropics : these are the orni- 
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thean and ctesian winds of Greece, which pro- 
bably have their origin from the operation of a 
similar cause as the above. There are also winds 
frequent in every country, which always arise 
from causes depending on local circumstances : 
these are geneially owing to the effects of calo- 
ric, on the soil, situation, and other circumstan- 
ces which occasion a variation of climate. Whirl- 
winds are in e\'ery respect peculiar : their phe-. 
»omena, and probably their causjt^s also, are jdif- 
ferent from tliose of other winds. Deflected 
winds are such as, by local interruptions, are 
turned into a different course from that in \yhicli 
they had been preyiously blowipg, IVinds are 
ji^ndered irregular, by whatever alters the conr 
dition of the atmosphere in a less extent, thai> 
•the causes producing any of the former currents 
of air; as the Qccurrence .of a \yater-spout, a 
thunder storm, a fall of rain or snow, or the 
quantity of vapour in the atmosphere being par- 
tially superabundant. , All winds are said to 
rise with the flow, and fall somewhat with the 
ebb of the sea ; and even the most violent and 
long continued gales have been observed to va- 
ry from night to day. The trade-winds are 
pever so strong during night; and the north and 
jcast winds which prevail over Britain jn thp 
spring season, are likewise observed to under- 
go a similar abatement of their force. The 
changes of the direction of winds take place 
most frequently during night. Lord Bacon ob- 
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served, that storms of wind most usually rise 
some hours before an eclipse : and Acosta found, 
that in Peru winds blow most violently about 
full moon. The atmosphere must have a mo- 
tion in some degree c(?rresponding to the diur- 
nal motion of the earth, which will be Uierefore 
in proportion to the velocity of the latitude in 
any given place ; but as the great fluidity of the 
air causes a continual change of situation in dif- 
ferent portions of it^ and as the earth does n6t 
move at the same rate of velocity at the poles as 
at the equator, but decreases in proportion to 
the distance from the latter, it is therefore pro- 
bable, that the motion of the atmosphere rarely 
or never corresponds exactly to that of the lati- 
tude over which it is dittused. On account 
of the greater velocity of the earth's motion at 
the equator, it is found, tl;at a current of air 
flowing from that quarter to either of the poles, 
has a much quicker motion than that of the la- 
titudes over which it passes; it therefore neces- 
sarily takes a course from the west. Again, when 
the current sets in towards the equator, as the 
motion of the air is in this case slower than that 
of tlie latitudes nearer the line, it will fall be- 
hind the globe in its course, and will therefore 
appear to meet the earth in its diurnal rotation, 
and in this manner come with a direction from 
the east. 

Winds do not always move with an equal de- 
gree of velocity : those moving towards the e- 
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quator, are always much slower than those 
whicli take an opposite direction : a north or 
north-east wind is never violent in the north of 
Europe; and all the gales that take place in 
Britain, and on the western coast of the conti- 
nent, take their course from . the south-w^est : 
anci it will in this way become evident, that the 
greatest storms occurring over the northern he- 
misphere, can only take place when the current* 
blows from the tropics, either direct or deflect- 
ed. It has been observed by Richard and 
others, that deflected winds are much stronger 
than the regular currents from which they ori- 
ginate. There are winds which have their 
names from the great velocity and peculiarity 
of their motion ; as hurricanes, whirlwinds, tor- 
nadoes, &c. but which evidently belong to the 
same class, being produced by similar causes, 
and which only differ in their degree of force. 

The degree of the velocity of winds, has been 
estimated by several pliilosophers, but the inves- 
tigation is so very difficult, that the exact cal- 
culation is not probably jet ascertained. Dr 
Derham did not suppose, that the most impe- 
tuous wind flows faster than sixtv feet in a 
second ; and M. Mariotte could not make his 
calculations amount to more than half this rate. 
Mr Smeaton giv^es a result different from both, 
in a calculation communicated to him. by Mr 
llous^ of which the following is a table. 
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Table of the Velocity oflVind. 



Velocity of wind. 



Miles in 
1 hour. 



1 

o 

3 

4 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

60 

80 
100 



Feet in 1 se- 
cond. 



Perpendicu- 
lar force on 1 
sqr, ft. of a- 
verdup. lbs. 



1.47 
2.93 
4.40 

5.87 
7.33 

14.67 
22.000 

29.34 

36.67 
44.01 

51.34 
58.68 
66.01 
75.35 

88.02 

117.36 
147.70 



Term* of the wind. 



\Q05 
.020 7 

.044 3 

.079 

.123 

.49^ 
1.107 
1.968? 
3.075 > 

4.429? 
6.0273 
7.873? 

12.300 
17.715 

31.490 
49.200 



Almost calm. 
Just perceptible. 

Gentle breeze. 



Pleasant fresh gale. 



Very brisk. 



High winds. 



Very high. 

Storm or tempest. 

A great storm, 

A hurricane that tears 
up trees, and carries 
houses before it: 



But it is probable, that some winds exceed 
any calculation that has yet been attempted of 
their velocity. Mr Daltpn has d?awi up the 
following table, which gives a general view of 
the rotary motion of the atiBpsphiere for eveay 
10 degrees. The calculation is made in the 
following manner: he supposeis the. hourly. ro-^ 
tary motion at the equator to be: only lOOOi 
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and the effect of this motion in accelerating the 
velocity of the wind, being as the fluxion of 
the cosine of the latitude, its fluxion being sup- 
posed constant. 



Degree* of 
Latitude. 


Hourly rotary 
velocity of the pa- 
rallels in Englisk 
miles. 


Differences of 
their velocity. 

r 





1000 


. 


10 


984.8 


15.2 


20 


939.7 


45.1 


30 


866 


73.7 


40 


766 


100 


50 


642.8 


123.2 


60 


500 


142.8 


70 


342 


158 


80 


173.6 


168.4 


90 




173.6 



" From this table it appears, the effect of the 
earth's rotation to accumulate the relative velo- 
city of winds, is about three times as great at 
the poles as at the equator. By relative velo- 
city, I mean all along the velocity of the wind 
relative to the earth's surface, over which it 
blows : hence the relative velocity, and direc- 
tion of the mass of air from the equator, is at 
first altered very slowly, and afterwards more 
rapidly, by the earth's rotation ; and vice versa 
with respect to that from the poles." It has 
been ascertained by general observation, that 
winds flowing with greater velocity than com- 
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iiion, are much more limited in thfeir tract, thap 
those which have a more constant, but slower 
motion. Storms of wind have been frequently 
known to pervade a whole continent; but in 
those instances it has rarely occurred, that the 
width of the current has been in proportion to 
the extent of country over which they have 
passed. It has be^n supposed, tl^at the altitude 
toVhich winds reach in the atmosphere must 
l>e very great; as storms are more frequent in 
liilly countries, and such as are otherwise of a 
high local situation. Winds are constantly vio- 
lent on the summit of the Andes, Teneriffe, 
and other very high mountains ; and aerial tra- 
vellers have frequently met with a fresh gale in 
the higher parts of the air, when it was but mo- 
derate below, and sometimes the current flow- 
ing in an opposite direction^ This circumstance 
is frequently percei\'ed in every climate; jbut 
from what has been already remarked of the state 
of the atmosphere, when treating of the negative 
and positive electrical states of its different strata, 
tliere can be little doubt that these opposite cur- 
rents are likewise established by the operation of 
the same cause, viz. the different courses of the 
vapour raised while the sun is upon the horizon, 
and during his absence. The altitude to which 
winds reach, does not perhaps depend so much 
on their velocity, as on the permanence of th^ 
causes producing tl^m : it seems therefore pro- 
bable, that the slow uniform currents flowing 
Vol. I. B 
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from the poles to the equator, or the winds Gbn* 
istantly met with within the tropicsi, ascend 
much higher than those of greater force, and 
whose appearances' are irregular, and of short 
duration, and whose causes are more limited in 
their operations. The winds experienced on the 
top of Pinchinka, and other similar situations*, 
cannot be adduced in support of a contrary opi- 
nion, as these probably owe their origin to the 
interruption of more regular currents of air, de- 
flected from their usual course, b}^ the barriers 
presented by tlie mountains themselves. 

Winds have a considerable effect in modify- 
ing the temperature of climates ; and an inti- 
mate acquaintance with their causes and effects, 
is highly essential in the pmctice of medicine 
and agriculture. Navigation likewise depends 
considerably on a knowledge of the same cir- 
cumstances : it is therefore necessaiT to attend 
more particularly to the most remarkable of 
these, and to point out the causes of their va- 
rieties, so far as our knowledge will permit. To 
offer a minute history of the winds, as they oc- 
cur in different situations during the various 
seasons of the year^ does not enter into tlie 
plan of this work, nor would it improve tlie 
purpose for which these general observations 
are intended ; a particular detail of which^ more 
especially belongs to the topographical history 
of any particular country,- and must be attentively 
studied wherever it is intended to promote a- 
gricultural knowledge. 
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During the winter and spring months at 
Petersburgh, the wind blows 93 days from the 
W. N. W. and S. W. ; 54 days from the E. N. E. 
and S. E. ; ^0 days from the S. ; and 14 from 
theN. During thesmnmerand autumnal months, 
the wind prevails 78 days from the W. N. W. 
and S. W. ; 52 days from the E. N. E. and 
S. E. ; 22 from the S. ; and 32 from N. : there- 
fore, those from the west are most general, next 
are those from an easterly point. The most 
prevalent winds at Copenhagen are the S. E. 
and E. ; the N. and W. blow most frequently 
at Stockholm, those cities lying between 56^^ 
and 60*^ N. lat. On the shores of the Baltic, a 
considerable difference is produced in the gene- 
ral winds, of places by their situation in respect 
to that sea* Britain, throughout its extent from 
50** to 60® N. lat. has a considerable uniformity 
in the winds that prevail over it : the number 
of days the western wind blows, is about 
double of those from all other points, taking 
London and -Edinburgh as the standards of ob- 
servation for the whole island. In Ireland, the 
most prevalent wind for the j'ear is from the 
\V. ; and, as in Britain, there also the north- 
easterly currents are most predominant in the 
spring. The south-west winds that prevail in 
Britain, and the rest of Europe, are to be re- 
garded as currents of air flowing from the tro- 
pics, and having their velocity more accelerated 
than the latitudes over which they pass. They 
commonly bring rain, owing to the great quan- 
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tity of Vapour contained in the atnlosphere over 
the more southern latitudes. As the velocity 
of winds from a north or easterly point is much 
slower, they appear to meet the earth in its di- 
urnal rotation. A north wind always brings 
intense cold weathery and its particular direc- 
tion seems owing to its very great density 
giving it a rate of motion nearly equal to 
the latitudes over which it passes : these winds- 
are therefore most prevalent, when the northern 
hemisphere begins to be most inclined toward 
the plane of the earth's orbit. Dr Darwin sup- 
poses tlie south-east winds to be north-east 
currents, deflected and turned back by a stream 
of air of greater force beginning to flow from 
the equator. In like manner, north-west winds 
seem to be currents previously flowing from the 
south-'west, deflected from their direction by the 
force of the current setting in from the pole ; 
the former taking an easterly course, in conse- 
quence of not having acquired the velocity of 
the latitudes over which tliey Imd -passed ; the 
latter appear from the west, by having acqui- 
red a superior rate of motion in coming from la- 
titudes more to the south. 

On the western coasts of France and the Ne- 
therlands, the west wind prevails ; on the south- 
ern coasts of the former country, north winds 
are most predominant. In Germany, the winds 
vary in situations as we approach to, either 
the Baltic Sea or the German Ocean : thus, in 
the higher provinces of the empire, easterly 
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^inds prevail ; whereas in tlxe lower, aud those 
nearea: the sea^-coasts, at Berlin, at Manliian^ 
&c. they are oftencst from the west. 

The winds vary greatly in the different can- 
tons of Switzerland, which is occasioned by 
their situation amidst the Alps. At Berne the 
most prevalent winds are north and west 
At lausanne the north-west apd soutl^-weat 
are most frequent, and nearly divide the 
year equally, but do i]LOt recur at regular pe^ 
riods. At Milan, the most general winds arp 
easterly ; at Rome, and all over the shores 
of the Mediterranean, they blow oftenest fnm 
the north : a wind from the same point prcr 
vails also over Egypt during the greatest 
part of the year. In Venice, the south-west 
and south-east blow neai'ly an equal number of 
days. At Constantinople, north wipds are most 
frequent, though a south wind likewise predo- 
minates during a considerable portion of the. 
year. On the north-west coast of Spain, a west- 
ern wind is most frequent ; and on the Medi- 
terraneap coast of that country, an east wind 
predominates during the year. At Kamtschatka, 
the western winds are most frequent. In East- 
em Tartary, the winds are oftenest northerly, 
and sometimes easterly. In Cashemire, the 
north and south prevail through equal seasons, 
which is occasioned by the mountains which 
divide that province from east to west. In Sy- 
ria, the winds are irregular, owing to the exten* 
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sive sea-coast, and* high mountains in the intCr 
rior. At Bagdad, the most general winds arc 
the south and north-west. At Basora, the north* 
west ; at Aleppo, the west and north-east ; at 
Pekin in China, the south and north prevail. A 
western wind blows three quarters of the year 
in the country about Hudson's Bay, and is also 
the most prevalent in Nova Scotia. In Virgi- 
nia, the most frequent winds are those which 
blow from a western and northern direction ; 
the south-west blows most constantly during 
June, July, and August ; the north-west is most 
predominant in November, December, Januarys 
and February, Thos^ winds prevail, in like 
manner, in the countrv about New York. 

From the above account of the most prevalent 
winds in different places in the northern divi^ 
sion of the globe, it will readily appear, that 
the west wind predominates over the western 
coasts of Europe. In the eastern coast of North 
America, likewise, we find, that north-^west 
winds are most frequently met with ; and those 
currents are most prevalent during the summer 
and autumnal months. But the observations 
made on meteorological subjects in the interior 
provinces of Asia are not sufficiently numerous 
to warrant us to say from what point the winds 
usually blow in that quarter. Over the western 
coas^ in the southern countries of Europe, the 
current of air is at all times found to be more 
directly west during a western wind, tlian 
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what is experienced more to the northward* 
Tliis circumstance seems to be occasioned by 
the equatorial current, as it proceeds northward, 
flowing, over a vast expanse of ocean, and meeting 
with BO dkect opposition to the velocity of its 
current; it therefore 'naturally takes a western 
direction, which must be increased as it ap- 
proaches land, by displacing the more rare- 
fied atmosphere which covers it These ge- 
neral winds, by sweeping over the swamps, 
lakes, and high lands of North Anierica, are 
felt to be much colder than siinilar currents 
blowing over parallel latitudes in Europe ; and, 
in this wiay, they tend to lower the mean tem- 
perature of the climate in latitudes over which 
they spread. It is probable, that planetary in- 
fluence has a powerful effect in giving a ten- 
dency to western currents in the atmosphere 
every where. M. Lanibert has shown, that a 
considerable westerly current is established in 
the atmosphere over the equator by this power : 
and, in consequence of -the excessive mobility of 
this medium, sjuch an efl^ect from any cause will 
foe gre;ater and more general than in a fluid of 
greater density. The samie cause is likewise sup- 
posed to occasion the hurricanes so frequently 
experienced within the limit? of the trade- 
Avinds. M. Monier has likewise shown, that 
the tempestuous winds that are often experien- 
ced about the equinoxes, are occasioned by the 
combined influence of the sun and moon. Ik 
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has remarked, that when the moon passes the 
meridian above or helow the horizon, it occa- 
sions a strong east wind, which dissipates the 
clouds, or a strong west wind with rain. This 
is most frequent about new or full moon, and 
when these planets are most distant from the 
^uatorial line. 

The most prevalent winds in the higher lati- 
tudes of the southern hemisphere, are from the 
south ; and they stretch undeflected much hear- 
er to the equator than the corresponding winds 
from the north pole. The south wind prevails 
almost constantly in Peru ; and, from the vast 
extent of ocean ovtx which it blows, that .coun- 
tty is commonly covered during the winter sear 
son with thick fogs. In the Bay of Panama, 
from 6^ to 8° of N. lat. the prevailing, winds 
are easterly ; and from the south from Septem- 
ber to March ; and again from March to Sepr 
tember, south-south-west currents set in. Prom 
Cape Blanco to the 4^ of S. lah when the wind 
that blows from north-north-east has begun 
to be felt in Panama, it stretches gradually 
to the south, dissipating the fogs brought 
on by the winter's wind. At this season, oalms 
and occasional gales are frequently experienced 
on that coast, till the wind from the south re- 
sumes its superiority. The stormy weather that 
is commonly experienced at all seasons about 
the Straits of Magellan and Cape Horn, does 
not, however, seem to be owing to the constan- 



cy or violence of the south wind ; but, accord* 
ing to the opinion of Richard, it seems more 
probably occasioned by the descent of the den* 
ser air from the high mountains which run 
through South America, and which is propelled 
with greater force in consequence of being a de* 
flexion of the south trade^wind : tliis being in* 
terrupted and broken by the irregularity of the 
country in the vicmity of those straights, will 
be thereby increased in force, and which is pro*, 
bably occasionally augmented, by its collision 
with the current setting in from the south pole. 
This opinion seems probable, by finding the 
weather considerably more calm and moderate, 
at the distance of one or two degrees farther to 
the south, where the influence of the deflected 
current does not reach. 

The trade-winds occupy certain limits on 
each side of tihe equator, and take their direc- 
tion from east to west, with a deflection from 
the north or south, more or less direct accord- 
ing to the sun's position in the ecliptic. Du- 
ring the equinoxial periods, the air flows more 
directly from the east ; but as the sun ascends 
eitlier in the northern or southern tropic, these 
winds vary from this point, and differ on each 
side of the line. Thus, during summer, on the 
north side of the equator, the general current 
varies, and becomes more easterly : the air in 
the higher latitudes of the southern hemisphere 
being then more dense, will therefore take a 
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more direct course, approaching nearer to the 
limits of the south trade- wind, and, thereby 
following the diurnal course of the sun, will 
form a south south-east current on the south 
side of the line. But, as the air is more uni- 
fonnly rarefied though the whole extent be^ 
tween the equator and the tropic of cancer, at 
this period, therefore the trade-wind on the north 
of the line becomes more easterly. This ap* 
pearance is reversed, when the suq approaches 
the south tropic: in that season, the current 
sets in more directly from the north, /md forms 
a north north-ea$t wind on the jiorth of the e- 
quator ; but, owing to the greater rarefaction of 
the air at this season oVer the limits of the 
south tropic, the south-east trade-wind takes a 
course more directly from the east. But the 
iinore easterly current of the trade*wind on that 
side of the equator where the suif happens to.be, 
is evidently occasioned^ in a considerable degree, 
by the greater influx of air from the pole, de- 
scending in consequence of its specific gravity 
over the plane of the hemisphere thpn most in- 
clined toward the sun : and therebv establishes 
an easterly current, to a certain degree, from the 
pole to the etjuator. The extent oyer which 
tliese winds blow, is the space contained within 
tlie' tropics, and stretches from between the 30** 
or 28° of north latitude to the SO"*, and in some 
places the 32^ of south' latitude ; nevertheless, 
flic trade-winds do not blow uniformly through- 
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out this space, but suffer considerable variations, 
according to the position of and proximity to 
the land. The interior limits of the trade-winds 
are within that space which lies between the !©• 
and the 4* of noith latitude, where no regular 
current of these permanent winds can be discern- 
ed : within this tract, storms of the most vior 
lent kind are occasionally experienced; calms 
in the ocean, water-spouts, deluges of rain^ 
whirlwinds and thunder storms, are met with in 
succession. Various opinions have prevailed, at 
different times, in order to account for this si^ 
tuation of the internal limits of the north and 
south trade-winds. As the causes generating 
those winds must be equally permanent on both 
sides of the equatpr, it appears reasonable to ex- 
pect> that this point should be situated where 
the mean annual heat and diurnal motion of 
the earth are both greatest : but actual observa- 
tion has shewn, that this circumstance does not 
take place, otherwise we should find the inter- 
nal boundaries of the trade-winds limited to the 
proximity of the equator : the rotary motion of 
the earth is there greatest : !we should jikewisc 
suppose (i priori, that the highest atmospherical 
temperature should also exist at this liiie. Se- 
veral causes were formerly pointed out, when 
treating of the temperature of climates, which 
appear to act in diminishing the temperature of 
the southern hemisphere below the common 
beat of parallel latitudes on the north side of . 
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the equator. Tbese causes, therefore, have the 
effect of occasioning the greatest annual heat 
to exist somewhere on the north side of the 
line : but although they must have a powerful 
influence in this respect, the circumstance seems 
more evidently to, admit of explanation, in conse- 
quence of the pecuUar figure of the earth itself. 
Creometricians have discovered a difference in the 
dimensions of the north and south hemispheres ; 
and by calculating its division through its equa- 
torial diameter, in a Hne perpendicular to the sup, 
the south hemisphere is found to be smallest 
During the winter, on the north of tlie equator, 
the earth passes over the Ijeast division of its 
orbit, which it perfonns in a period of time near- 
ly eight days less than it takes in going over 
the northern hemisphere ; and as this make^ the 
«umjner proportionally shorter in the southern 
liemispherc, there is thereby a continuance ,of 
4summer weather pearly sixteen days longer In 
the latitudes north of the line, or, according to 
Cassini, the isummer of the northern hemisphere 
contains, in round numbers, l^Oi days, while 
the opposite hemisphere only consists of 1744 
days, during the similar season. From this 
cause alone, the heat of the northern latitudes 
must be proportionally greater; and this circunv 
stance, co-operating with the causes formerly 
mentioned, will assign the point of demarcation 
for the interior limits of the trade-winds, to ex- 
ist north of the line, which is accordingly found 
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to occupy the space above mentioned. With- 
in this tract no regular winds can be traced, the 
ocean being alternately tossed with hurricanes 
and tempests, or in a dead calm. This various 
weather is not only common on the African 
coast, opposite Guinea, where these variations 
tkie most violent, and occur most frequently ; 
but they are likewise met with in the Bay of 
Arica in America, where, within thirty or forty 
leagues of the coast, calms and succeeding 
strong gales are common. The authors of the 
Dictionnaire Encyclopedique have attempted to 
account for this appearance, by supposing, that 
" this space is equally exposed to the west winds 
that blow upon the coast of Guinea, and the 
trade-wind from the east ; the air in this man- 
ner has no particular tendency, and is thus, as 
it were, in equilibrium :" But this theory does 
not by any means afford a satisfactory explana- 
tion of the circumstance : neither is it better 
elucidated by the following opinion of the 
Count de Buffon,. though it is very likely that 
both causes may have a partial eifect in producing ' 
occasional variations in the reo:ular current a- 
bove mentioned. The Count thinks, '' that 
when these opposite winds, (south and north 
trade-winds), reach this place at the same time, 
as at a centre, they cause w^hirlings and circu- 
lar motions in the air, by the opposition of their 
movements, as contrary currents in water pro- 
duce gulfs and whirlpools. But when these winds 
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meet with the opposition of other winds, which 
counteract their action at a distance, then they 
turn around a very wide space in which there 
reigns a perpetual calm : it is this which forms 
the calms we now speak of, and from whic^h it 
is often impossible to get out." But^ in opposi- 
tion to this opinion, it is to be observed, that 
the trade-winds blow on both sitles of their in- 
ternal limits, in a course that nevTr can cause a 
collision or interruption of their currents, and 
without the agency of some very powerful and 
permanent cause, these would naturally blend 
with each other; and if either of these opinions 
were correct, the spot where this changeable 
Aveather nuist have prevailed, would be found 
to occupy different situations, according to the 
sun's position in the ecliptic; we shall therefore 
state the opinion of Abb6 Richard on this sub- 
ject, which offers a more philosophical expla- 
nation of the cause of this phenomenon. It 
appears, that in every coast opposite to where 
those calms and tempests are frequent in the 
ocean, the soil is either rocky, or solely consists 
of sand in the interior : the atmosphere over 
them being thereby heated to a greater degree 
by the stronger reflection of the sun's rays, in 
this way a current of air is established towards 
tills situation from the neighbouring districts. 
The atmosphere, which in that country flows 
Avestward, becomes likewise gradually more 
heated from the same cause, and therefore 
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moves but slowly towards the ocean, its course 
^ being hardly perceptible^; the atmosphere, from 
points more to the south-east and north, carried 
on by the impulse of its own weight, flows a- 
gain into this space, which in its turn speedily 
acquires an increase of temperature : it is there- 
fore supposed to be this simultaneous direction 
t)f contrary currents of the atmosphere toward 
the same point, that produce the variable* state 
of the weather in those latitudes. These winds 
are however much loaded with vapour ; and as 
they are gradually pressed in succession upward, 
the exhalations they contain become condensed 
at a height much greater than in ordinary sitli- 
ations. A cloud, formed in these circumstances, 
and seen through an atmosphere so highly rare- 
fied, becomes visible at an immense height: 
this has been called by the sailors a Bull's Eye, 
from its peculiar appearance ; and is well known 
^ to navigators as the immediate precursor of a 
storm. This rapidly increases after having be- 
come visible ; and as it descends, a great quan- 
tity of raii^ is precipitated in a very short time : 
this destroys tlie equilibrium of the most gene- 
ral current, and causes variations of the wind 
from every point ; the various currents assu^ 
ming a course where the resistance is least. In 
such circumstances, ships have felt as if struck 
on ?very quarter at once by different winds; 
and when a fleet happens to be exposed to such 
hurricanes, it commonlv falls out, that as it 
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ceases, every ship appears to be sailing with a 
wind different from that of the others. We must 
next attend to variations that take place in thedi- 
rection of the tmde- winds themselves. The trade- 
winds are not perceived to blow on the African 
coast, nor do they appear regular till about 100 
leagues from off the coast of Guinea. On ap- 
proaching the American coast, they seem to be 
more easterly, and to spread farther to the 
north ; while they evidently stretch a degree 
more to the south on the opposite side of the 
equator, than what is experienced on the coasts 
of Africa. The trade-winds become weaker 
iir their course westward, and they arc found 
to extend as far as the 32** on both sides of the 
equator, gradually ceasing to blow as we ap- 
proach their utmost limits. On the coast of 
Chili and Peru, the south-east trade-wind is at 
all times prevalent. Immediately adjaceat to 
the African shores, in the space where the 
trade-winds are not experienced, from . about 
the Cape de Verd isles, for about 500 leagues 
opposite the coast of Guinea, no regular cur- 
rent of air is observed ; thunder storms, with 
heavy torrents of rain, hurricanes, and hai*assing 
calms, succeed each other alternately ; but there 
is a long space in this ocean, from the heights 
of Ilheo to the island of St Thomas, where the 
south and south-west winds blow constantly in 
a ti*act of a hundred leagues in length, from It* 
beyond the tropic of Capricorn, to under the 
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line ; and south south-east having passed the 
line. These winds are only felt near the shore, 
where likewise tlie harmattan frequently pre- 
vails. Similar deviations from the regular course 
of the trade-Avinds take place within the tropl-^ 
cal latitudes on the western coast of South 
America ; being north-west along tlie coast as 
far as the 10° N. lat. for several leagues distant 
from shore, and south-west on the coasts within 
the limits of the trade- wind south of the equa- 
tor. These deviations from the permanent 
winds are occasioned by the bending of the 
coast inward on both continents. On the Afri- 
can shore, the coast begins to recede, from the 
most southerly point, as far as the heights above 
mentioned. This tract of the African continent 
being exposed to the most intense rays of the 
sun, has its atmosphere at all times much warm- 
er than the air over the adjacent ocean : this 
establishes a current toward land, which suffers 
but a slight variation, according to the latitude 
of the place and the season of the year ; but it 
affects the regularity of the trade-winds to a con- 
siderable distance from shore. 

The trade-winds blow, therefore, from the 
north-east, as far as the 10* on the north side 
of the equator, and from the south-east from 
4° N. lat, southward, subject, however, to 
the irregularities already mentioned. They 
blow most fresh about mid-day, and are calm- 
est during night. They blow constantly froia 
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. the African coast, across the Atlantic, to tliiJ^ 
Bmzils ; antl their force is said to be weaker 
in sailing westward, over the Pacific Ocean. 
From the American coast to the adjacent 
sliores of Asia, including the Philippine Isles, 
through the whole extent of the Pacific Ocean, 
these winds blow more uniformly than in the- 
Atlantic, owing to the greater extent and uni- 
formity of the medium over which they take 
their course. The trade-winds do not blow 
through the Indian Ocean. The continents of 
Asia and Africa, which lie within the hm its of 
their course over this portion of the globe, give 
occasion to the appearance of a periodical wind, 
thence named monsoon. 

The cause of the permanent and regular ap- 
pearance of the trade-winds seems clearly ascer- 
tained, as being occasioned by the influence of 
the sun's rays on the atmosphere within the 
tropics : probably the tides in that fluid, as sup- 
posed by the ingenious Lambert, may also have 
a considerable effect in giving them a westerly 
direction, which it must otherwise have, in con- 
sequence of the general currents of air flowing 
from the poles towards the equator, and which 
fall into the stream of the trade-winds about the 
32° of N. and S. latitudes. The velocity of 
these currents being less than the rate of mo- 
tion of the latitudes over which they flow, will 
naturally give the appearance of an east wind 
on each side of the equator, within the limits 
above mentioned. As the air cools, and be- ' 
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comes more dense, when the sun has pa536ii 
some degrees to the west, it will likewise unite: 
with the currents from the poles, and in this 
way increase their velocity westward. But, be- 
sides the power of these causes in giving rise to 
the regular appearance of the trade-winds, Dr 
Hadley, and afterwards Mr Dakon, states aa 
opinion on this subject, which merits the full- 
est consideration. These philosophers imagine, 
that the velocity and uniform course of the 
trade^winds are occasioned in a great measure 
by the greater celerity of the earth's motion 
within the tropics. But it is to be observed, 
that were this increased motion. of the earth 
within those limits the principal cause of the 
appearance of the trade-winds, we should ex* 
pect to find similar currents far beyond the la- 
titudes within which they are confined ; and in- 
deed an eastern current would then take place, 
in a greater or less degree, from the poles to the 
equator. 

The monsoon, or periodical winds, occupy 
the same degrees of latitude in the Indian Sea 
in which the regular trade-winds are found to 
prevail constantly over the Atlantic and Pacific 
Oceans ; and they are evidently occasioned by 
the operation of similar causes. From the 10^ 
to 30"^ of S. lat. the south-east trade-wind pre- 
vails constantly, from a few degrees east of 
Madagascar, to nearly the inland of Java and 
New Holland, where it comes within the range 
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of the monsoons ; but to the northward of this 
line, as far as the 2£* of N. lat. the monsoon* 
have their course, and vary in the direction of 
their current with the season of the year. From 
the 10° to the 3° of S. lat. and towards the 
north, through the Indian Ocean, as far as the 
Bay of Bengal, and from Sumatra to the coast 
of Africa, the monsoons blow one half of the 
year in one direction, and in an opposite course 
during the other season. These winds are found 
to be much more regular out at sea, and suffer 
a considerable variation by proximity to land. 

The mor^soons have been generally reckoned 
as blowing regularly for six months from the 
south-west, and for an equal period from the 
north-east : but this is not strictly accurate ; for 
although these are the most constant points 
from which those winds blow during the year, 
yet they are never found to succeed each other 
immediately, or so distinctly as to give them a 
decided character ; but after the one ceases to 
blow regularly, and before the other comrnen* 
ces, frequent hurricanes, and strong land and 
sea breezes, are met with in their usual tract. 
The monsoons, similarly to what takes place in 
the course of the trade-winds, vary from local 
circumstances, latitude, &c, and are even not 
similar at different distances on the same side 
of the equator. The monsoon, which blows 
from the south-west through the Indian Sea, 
north of the line, is found to have a soutli-east 
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Burrent south of the equator ; and the monsoon 
which prevails from the north-east over the 
same tract, blows north-west from about 1® 
south of the equator, as far as the 10^ Thb 
variation arises from the diifecence of velocity 
in the motion of the jearth in the latitudes 
witliin the limits of these winds. While the 
4'urrent is easterly north of the equator, it be- 
comes western having passed that line ; and, 
in the same manner, an easterly xrurrent south 
of the equator becomes ^yestem on th.e north 
side of it. 

The appearance of the monsoons is evidentr 
ly in consequence of the power of the sun's 
rays in heating and rarefying the atmosphere 
over a surface of unequal density, in the great 
extent of land and ocean which that luminary 
passes in his course through the tropics. As 
the sun ascends in the tropic of capriconi, the - 
atmosphere over the sea and land on the south 
5ide of the equator being then more heated, it 
occasions a northrcast monsoon to set in from 
the Bay of Bengal and the Gulf of Arabia, >to 
the 3° of south latitude, which becomes north- 
west from this degree as far as the 10°, in con- 
sequence of the denser atmosphere over the 
mountainous parts of India and China, as high 
as Thibet, Balliagat, and the Napal mountains, 
moving in that direction to occupy the place of 
the highly rarefied atmosphere within the south 
tiopic, tlie sun being then perpendicular above 
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the south extremity of Africa, and coast of 
New Holland : these should therefore be the 
prevailing currents from the 22d of September, 
when the sun passes to the south of the equa- 
tor, till the 23d of March, when he returns to 
the nortli tropic ; but this monsoon only begins 
to be sensibly strong towards the end of Octo- 
ber, and it continues till Maich. On the coast 
of Sumatra, north of the equator, as also on the 
coast of Camboi and China, the north-east mon- 
soon becomes more northerly, being commonly 
north by east. After the winter solstice, on the 
north side of the line, when the sun again ap- 
proaches the tropic of cancer, and. by the time 
he has reached 7° north, the south-west mon- 
soon begins to be felt. This current is occa- 
sioned by the rarefied atmosphere over the 
north-east of Asia, and the midland parts of 
Africa, being replaced by denser air from over 
the Indian Ocean, and the situations that were 
heated while the sun was in the south tropic. 
As these currents come from south latitudes, 
where the earth's motion is less than at the equa- 
tor, from the ] 0° south latitude to the vicinity 
of the equator, the direction of this monsoon is 
south-east; and in June, July, and August, is 
merely a continuation of the trade-winds, 
which occupy certain limits in the Indian 
Ocean. It is. however nearly south along the 
coast of Malacca and China ; but from the e- 
quator, over the Indian Ocean, and through the 
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Bay of Bengal, this moiisoon takes a south-west 
direction, having acquired a degree of velocitj^ 
corresponding to the motion of the earth at the 
equator; it: therefore moves at a greater rate 
than that of the latitudes northward, over 
which it blows. This monsoon is distinctly 
formed about the end of April, and continues 
to blow till September. Besides the monsoons, 
.there are other regular winds which prevail in 
ithe gulfs, and on the coasts of the. Indian O- 
-cean, which seem to be deviations from the re- 
gular trade-winds or monsoons, caused by Iq- 
^ circumstances. In the Molucca isles, a 
westerly wind begins to blow in January, and 
continues for six months till June; and in 
June, July, and August, there occurs frequent 
hurricanes from the north, In September and 
October, the wind becomes easterly, and north 
during the rest of the year. In the Peninsulk 
of India, the monsoons undergo the most con- 
siderable variations, that country being com- 
pletely divided by a chain of very high moun- 
tains, ^running nearly from south to north. The 
^ south-west monsoon, which blows strongly on 
the Malabar coast, on the western side of the 
Balliagat mountains, is scarcely felt on the 
Coromandel coast, on the opposite side, except 
at the most southern extremity. Again, the 
north-east monsoon, which blows smaitly on the 
Coromandel side of the Peninsula, is scarcely 
felt on the Malabar coast, a degree or two to 
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the west. On the Malabar coast, from Septem- 
ber till April, an easterly land breeze prevails 
from midnight till midday, and does not stretch 
farther than 10 miles out to sea; and from 
midday till midnight, the sea breeze blows 
feebly from the west. These winds are occa- 
sioned by the cold atmosphere over the moun- 
tains being in a state of great density, at this 
season: during the rest of the ye^r, north, 
north-east and east winds predominate. On 
both coasts, while the land and sea breezes con.- 
tinue during both monsoons, the wind on shore 
feeems to follow regularly the course of the sun, 
and passes round every point of the compass in 
twenty-four hours. The prevalence of these 
breezes is chiefly during January, February, and 
the first weeks of March. When the south-west 
nionsoon prevails on the Coromandel coast, the 
rainy season then takes place in India, and ge- 
nerally commences about the beginning of 
June. 

From these observations, the variety of sea- 
sons on the different coasts of the Carnatic can 
be accounted for, Thus, during the south-west 
monsoon, the atmosphere, which is loaded with 
vapour from over the Indian Ocean, l}eing con- 
densed by the cold prevailing op the mountains 
of the peninsula, causes the rainy season on the 
Malabar coast; while, on the oppoisite side of 
the mountains, ardent summer heats prevail. 
Again, during the north-east monsoon, the" va- 
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pour that is elevated from the sea that forms 
the Bay of Bengal, is condensed and precipita- 
ted upon the Coromandel coast, by the agency 
of the same cause; while in Malabar they enjoy 
the warmest and finest weather during the year. 
Thus, all over India, the rainy season accompa-^ 
iiies the south-west monsoon, while their dry 
season continues during the prevalence of the 
north-east wind. As far as the Japan Isles, in 
the sea between Sumatra and the west coast of 
Java, towards the east coast of New Guineaj 
there blows a north and south periodical wind ; 
the north inclining to the west, and the south 
to the east : the northern setting in about Oc- 
tober or November, the southern in May : these 
begin several weeks later than on the coast of 
China, and often change suddenly. During the 
prevalence of those winds, the weather is vari- 
able, tempests and cahns alternately succeeding 
each other for several weeks. 

From Cape Coriantes, along through the Mo- 
sambique Channel, as far up as the Red Sea and 
the Bay of Melinda, the winds are variable from 
October till the middle of Januar}% but blow 
most frequently from the north, and are accom- 
panied by very rough weather: from January to 
May, the wind blows north-east, and north 
north-east, \yith a dry Season. South winds 
prev^ail during May, June, July, August, and 
September, and in these months there is a con- 
|inuccl breeze in the Bay of Melinda j and at 
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that season tlie wind is generally very strong 
at the entmnce of the Red Sea, near Cape Guar* 
dafui, with much rain, blowing fresh several 
leagues through the straights. 

In the Red Sea, near to its Inouth, the winds 
blow strong from south-west, between May and 
October, and cause such rapidity in its current, 
that it is extremely difficult for ships to enter it 
at that season. In September the wind begins 
to veer to the north-east, with fine weather, and 
it continues in this tract till the monsoon com- 
jnences in the Indian Ocean, about the end of 
April, then it fixes in the south, with some pre- 
vious variations. The periodical winds on the 
Red Sea, have been observed to change during 
several successiv«e years, on the 12th of April: 
and the wind at quarter south-east, in the 
Straights of Babelmandel, changed tlie same day 
^p north-west. Tempests are not unfrequent 
9n the Red Sea, and a hot burning wind often 
Mows over it from the interior of Africa, which 
lasts but for a day or two. Mr Bruce gives a 
relation of the monsoons in the higher parts of 
tlie Red Sea, somewhat different from the above:' 
•he says, one blows from south-west from No- 
<vember till March, and another blows from the 
itiartli-east from April till October. This, he 
thinks, may, in some degree, be the conti- 
nuation of the etesian, or periodical winds 
-of Greece. As the monsoons of the Red Sea 
mve their appearance to the same general can- 
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ses which occasion the production of the perio- 
dical winds in the Indian Ocean, their seasons 
must therefore in some degree correspond ; and 
the respectable authorities of Richard, Capper, 
and others, warrant this conclusion. The south- 
west monsoon ftiequently occurs from May to 
August, as far as Suez, but sj4ffers frequent in- , 
terruptions from tlie sea and land bi^ee^e. 

At Gazaret, at tlie bottom of the Gulf of A- 
rabia, the north-west wind prevails from March 
to September, and is cool : during the remainder 
of the year it blows almost directly from the 
south; but over the Persian Gulf in general, 
the wind from the north-west blows from the 
months of October to July, and about three 
months from the opposite quarter, being fre- 
quently interrupted by gales from the south- 
west. At Congo, on the western coast of A- 
frica, a wind blows north-west from the mid- 
dle of March till September, which is the rainy 
season in that country ; but from September 
till March, the wind prevails from the east 
south-east. In the lout from Mosambique to 
Goa in India, a south wind predominates du- 
ring the months of May and June, which reaches 
as far as the equator ; but from the line to Goa, 
during July and August, the south south-west 
prevails. From Madagascar to the Cape of 
Good Hope, the north-west wind prevails over 
sea and land during April and May : it is ex- 
tremely rare that the south or south-east appears 
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there in that season. The principal winds at 
the Cape of Good Hope are the south-east and 
north-east; the latter brings heavy rains and 
storms in the months of April, May, June, July, 
and August. The westerly winds also bruig 
fogs, clouds, and rain ; but these interruptions 
of fine weather are but of short duration. The 
south-east wind predominates chiefly during the 
month of October, till April, and the weather 
is cool and dry during its continuance. We 
have seen, that the monsoons undergo some va- 
riation amongst the islands of the Indian Archi- 
pelago, and in the bays and channels on the 
shores of that sea. There is also every reason 
to impute to the influence of similar causes, the 
variation of the winds at the Cape of Good 
Hope : these are likewise liable to be {iffected 
by the circumstances which influence insular 
situations : the Cape being near to the external 
limit of the south-east trade- wind, is subject to 
irregularities in the course of its winds from all 
these causes. 

Periodical winds are liicewise frequent within 
the limits of the trade- winds on the coast of 
America, and are evidently occasioned by simi- 
lar causes which generate the monspons in In- 
dia. From Cape Gracia de Dios to Cape la 
Vclez, across the Gulf of Darien, the north- 
east and east blow constantly between IMarch 
and November ; hurricanes are frequent during 
the months of June, July, and Augaist. Tlie 
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winds are changeable on the coast of Cartha- 
gena, in April, May, and June; a strong east 
north-east wind prevails, and stretches as far as 
Hispaniola ; it is never so violent near the laud. 
Between the months of October and March, 
strong northerly winds blow from the bottom 
of the Gulf of Mexico, which raise considerable 
storms, particularly in January. In the Bay 
and coast of Panama, which hes from 3° N. lat. 
to the line, from September till the month of 
March, the winds are easterly, and from March 
to September they blow from the south south- 
west. ' 

There are likewise winds that are periodical 
in Europe, and with which the ancients were 
best acquainted. They blow from opposite 
points, at different periods of the year, and are 
denominated etesian and ornithian winds ; it ha- 
ving been observed, that birds take advantage 
of their current to assist them in their flight . 
when emigrating. The etesian winds commence 
in July, and are distinctly felt about the 21st 
of that month: they continue to blow forty 
days, and are usually preceded by slight breezes 
from the north for eight or ten days. They are 
esteemed salutary in Greece, as they cool the 
air, which is then much heated ; and especial- 
ly as, during their continuance, acute contagi- 
ous maladies have been perceived to disappear. 
The etesian winds are strongest during day, 
and only begin to be sensibly felt some time af- 
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ter sun-rise ; they cease to blow during night. 
Though they are said to remain only forty days, 
that being the period of their greatest force, 
yet a wind continues more or less violent from 
the norrii till the appearance of the ornithian 
winds early ip March. The tract over which 
they spread is the ancient Thrace, Macedonia, and 
Greece ; but it is very probable that they blow 
over a much wider space, and are perhaps to be 
found a great way farther north : they swxep 
the upper part of the Mediterranean Sea, and 
prevail even in Egypt. It was to the occur- 
rence of these winds, that manv of the ancients 
attributed the periodical swelling of the Nile. 
In Egypt the north north-west, or north-east, 
sets in occasionally so early as June, and even 
sonietimes earlier; but during the prevalence 
of the etesian winds, the current becomes more 
directly and invariably north, and it is then in 
greatest force. The sea is at this time more 
calm than at any other season ; but after thi* 
period, the winds on the coast of that country- 
commonly change to east, north, and north- 
west during January and February; and in 
March, April, and May, the south south-east, 
and south-Avest set in, but are liable to shift 
occasionally to the north. The appearance 
of the etesian winds jin Italy is by no means 
constant; and when they do occur, it is 
in a north north-east direction. In their 
course southward, they do not proceed beyond 



OF WINDS. g[a7v 

the tropic of cancer, where they fall in with 
the general north-east trade- wind, and take the 
common direction of its current. The etesian 
winds, like those which only appear at certain 
seasons, depend on the influence "of -the sun's 
rays over the atmosphere. At th6 season of the 
year when these winds begin to blow, it has 
been shown, that the northern provinces of 
Asia and Africa, and the whole of Europe, have 
acquired their maximum of temperature ; butj 
as the atmosphere over the northern hemisphere 
is not exposed to an equal degree of heat, it is 
found, that the temperature of the air diminish- 
es as we recede from the tropic. In high northr 
ern latitudes, the atmosphere is therefore more 
dense than over the latitudes farther south. 
This density is increased by the cold air at all 
times prevalent over the tops of the mountains, 
which at that season is increased by the melting 
of the snow upon their summits ; it therefore' 
descends, taking a course in that direction' 
where the resistance is least, and naturally 
tends southward, the atmosphere being most* 
rarefied in that quarter. That the melting of 
the snow on the tops of the high mountains, to 
the north of tlie tract where this aerial current 
begins to appear, has a powerful influence in 
occasioning the etesian winds, seems evident, 
from the following circumstances : they never 
blow during night ; nor do they appear till the 
heating power of the sun's rays has been felt 
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for some time after he appears in tlie horizon : 
their duration, too, is only in that period when 
the earth is most heated; and they gradually 
cease, as the sun recedes from the northeni tro- 
pic, when the atmosphere over the south of 
Europe, and the coasts of the adjoining conti- 
nent, becomes thereby cooled to a state of den- 
sity, approaching nearer to an equilibrium with 
the air farther north. In the same seasons also, 
during the melting of the snow on the moun- 
tains to the north of the Black and Caspian 
Seas, it is found dangerous to navigate in them, 
on account of the strong winds and violent 
gales excited by this cause- 

The ornithian winds commence early in 
]\Iarch, and continue nearly as long as the 
former ; but they are rarely so constant. Their 
course is from the south and west ; and they 
have been likewise supposed to be occasion- 
ed by the melting of the snow on the moun- 
tains of Syria and northern parts of Africa. 
The ornithian winds blow over the Mediterra- 
nean, into Greece and Macedonia. 

Besides those we have mentioned, there arc 
other regular periodical winds common to every 
country, but different from the former, as they 
sutler an alteration or change in the direction 
of their course ' twice in twenty-four hours. 
They are more remarkable in insular situations, 
and are most distinct within the tropics, and in 
the temperate zone during summer : they flow 
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from the sea to the land in the day-time, and 
from the land to the sea during nights The 
sea-breeze commonly begins about nine in the 
morning, is strongest about mid-day, and gra- 
dually ceases towards five or six in the evening. 
The land-breeze commences in the evening, an 
hour or two after the other ceases : it is most 

■ 

vigorous in the early part of the morning, and 
decreases gradually after sun-rise. The land- 
breeze is always strongest in climates where 
there are many mountains ; and from these it 
often blows so fresh, that there is no access to 
them by shipping during night, and they can 
only be approached in the day-time while the 
sea-breeze prevails. This is the case with many 
West India islands, and others in the Pacific 
Ocean. 

In the vicinity of Masulipatam, on the coast 
of Coromandel, the land-wind begins to blow 
on the first days of June, and continues four- 
teen days, and is very strong. The sea-breeze, 
all that time, does not occur. At Paulo Catt^, 
on the coast of Camboi, the land and sea breeze 
prevail for two days alternately, from the 28th 
July to the 6th August : the monsoons then 
cease on these coasts. On the coast of New 
Spain, between Cape Blanc and Accapulco, the 
land-wind blows into the Pacific Ocean at mid- 
night : and in the same way, the sea-breeze pre- 
vails during day near as far as the Havannah. In 
Congo, along the west coast of Africa, as far a^ 

Vol. I. T 
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Cape Lopez Gonsalva, the land-wind begins at 
midnight, and blows till mid-day. These, and 
many other varieties of these breezes, are, how- 
ever, merely owing to accidental circumstances 
in respect to situation, their causes being gene- 
ral, and uniformly the same eveiy where. 

These breezes are evidently occasioned by 
the different effect of the sun upon the atmo- 
sphere over the land and ocean. In the day- 
time, we have seen, that in general the air ovck 
land is much warmer than that which is over 
the ocean ; therefore, the denser atmosphere 
over the latter medium tends towafds the shore, 
and this establishes the sea-breeze, by occupy- 
ing the place of the more rarefied air inland. 
Again, during night, the air over the ocean be- 
ing then warmest and most rarefied, the denser 
current of air blows from the shore,, and i|i this 
manner gives rise to the land-breeze. 

The seasons when the sea and land breezes 
usually appear, the time of their commencement, 
and of their greatest force and decrease, fully 
prove, that they owe their appearance tx) the 
power of the sun's rays, in the same manner as 
other periodical winds are produced everywhere; 
their influence being in this instance not so 
great, their effects are more general, and less 
powerful than in the former. This affords a 
satisfactory explanation why these winds are 
found to be most remarkable within the -tropics, 
where the atmosphere is generally warmer, but 
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where the difference of its temperature between 
night and day is greatest. 

We have in this manner given a description 
gf the most common periodical winds. There 
are other varieties of this meteor which come 
next to be considered, which in some respects 
resemble the former ; but, as they occur most 
frequently over a space more limited in its ex- 
tent, tliey are generally denominated local 
winds. In every country, there are certain 
situations where local winds usually appear ; 
and they are commonly experienced in the 
vicinity of high mountains, and are obvious- 
ly occasioned by the operation of local cau- 
ses. In the spring season, the dense atmo- 
sphere from the summit of the Alps commonly 
descends upon the champaign countries on 
botll^ sides of these mountains ; and the current 
is eveuN frequently so violent, as to stretch 
across the Mediterranean. There isr also a di- 
strict of the Alps, observed by the most ancient 
inhabitants of Italy, where there is a particular 
breeze, blowing constantly in one direction in 
every season of the year : it seems limited to 
the immediate vicinity of the place where it 
takes its rise, and blows north north-west : the 
tract through which it passes, and where it 
seems to receive some modification, is a channel 
formed in the mountains, of a few miles in 
length, and of about a thousan toises in 
breadth : it blows upon Provence, and is called 

T2 
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maestro by the Italians : it was known to the 
Romans by the name of circius ; and Augustus 
caused build a temple in honour of it, in the 
place where it has its origin. It is not impro- 
bable, that the origin of many of Xhe local 
winds occurring in mountainous countries may 
he owing to a similar cause ; the rarefied air in 
the valleys beiijg displaced by the descent of 
the denser atmosphere from the summits of the 
mountains. 

There is a district in Dauphin^ where local 
winds are so prevalent, that Abb6 Richard says 
it may be called the cavern of iEolus. One of 
those local currents has its origin in the woods 
in the neighbourhood of Noyons, and sprea<ls 
to about the length of five leagues into the 
country, and of about a league in breadth : it 
is extremely cold and piercing ; but its appear- 
ance is not permanent, nor has it periodical re- 
turns. In .tlie vicinity of Vienne, there is a hill 
with a small pool of water on its summit, from 
which tempests are supposed to originate occa- 
sionally. A similar circumstance is said to givQ 
occasion to the same phenomena on a mountain 
of tlie Pyrenees. There is also a tempestuous 
local wind frequent in tlie Grecian Archipelago, 
which Aristotle denominates pi^ester, it being al- 
ways accompanied with thunder and lightning. 
At Banda iai Persia, the wind changes four 
times in the twemty-four hours. From mid- 
night till day-break, it blows from the north, 
and is veiy cold : from morning till eleven 
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in th^ forenoon, it becomes easterly, and rather 
warmer : it then dies away till about sun-set, 
and afterwards gets to the West, with great heat 
till midnight. There is a wind which blow$ 
from the desert over the south and west of 
Egypt, and generally continues three days : it 
commences* commonly a few days before the 
Nile begins to swell, is attended with a suf- 
focating heat, and spreads all over the Me- 
diterranean Sea : it is felt on the coasts of 
Syria, as far g,s Constantinople ; ' it is also expe- 
rienced in Italy and in Spain, where its conti^ 
nuance seems longer. It is not improbable, 
that the wind narhed harriiattan, which is fre- 
quently met with on the coast of Guinea, owe$ 
its origin to the same cause, as it answers in e^ 
very respect to the description of this wind. 
In Egypt it is g-enerally named kamsin, sciroeco 
in Italy, and solano in Spain : froni the former 
country it frequently penetrates into Arg^bia, 
Persia, Diarbeker, and Bombay. I'he kaiiisin 
often comes in squalls or gusts, which suddenly 
strike one dead, if incautiously breathed. It has 
been observed in Egypt, that tlte more direct it 
keeps in the course of the river, its pernicious 
properties are in proportion diminished. It 
seems therefore very probable, that, it is to be 
attributed to the long course it takes over the 
Mediterranean, that this wind is found to be 
less deleterious at Naples than at Palermo, as 
objserved by M. Brydone, and there also, it is ne- 
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ver so noxious as in Egypt. The bad effects 
of the kanisin are not so manifest on begin- 
ning to set in, as after it has continued some 
time. It usually commences by causing a 
mistiness in the air, which makes the sun ap- 
pear of a blood red colour : respiration then be- 
comes difficult and somewhat painful : an ex- 
cessive langour and depression of spirits are 
always experienced during its continuance, 
though it be carefully avoided in breathing. 
Yet these effects are only relieved by adpiitting 
the sea-breeze, or, what adds greatly to this ef- ' 
feet, is to inspire the vapour of water thrown 
plentifully over the floors of the apartments, 
and by hanging over the open windows blan- 
kets thoroughly drenched with it. This wind 
always deposites an impalpable white powder, 
which covers the leaves of trees, and every 
thing exposed to it upon the surface. It often 
raises the thermometer more than 20° in the space 
of a few hours. Its immediate effect on the 
barometer is not so great ; but after it has con- 
tinued some time, that instrument seems ratjier 
to descend. The longer continuance of the 
kamsin in Italy than in Egypt, is probably in 
consequence of a similar wind, which blows for 
some time from off the opposite coast of Africa, 
but which does not traverse the former country. 
The kamsin blows over the Mediterranean in a 
§outh-east direction, and was felt very distress- 
ingly at sea by Mr Brydone, during his voyage 
from Naples to visit Sicily. 
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Mr Brydone supposes, that the scirocco has its 
origin from the highly rarefied air over the 
burning sands of Africa. This opinion is sup- 
ported by the observations of M. Volney : he 
says, that wherever this wind appears, it always 
blows from a quarter where there is immense 
deserts of sand, and that the highly rarefied at- 
mosphere of those_ places being driven forward 
by the more dense -air in their vicinity, gives 
origin to their properties and uniformity of ap- 
pearance. During winter in the northern he- 
misphere, these sands being less heated, the 
winds which blow aver them have no pernicious 
effect ; and it is only when the sun ascends in 
the northern tropic, that the kamsin, with all 
its honors, is produced ; probably its deleterious 
effects may be owing, in a great measure, to the 
exhalations raised from the earth, in consequence 
of the great heat of tlie sun on a soil of a pec.Ur 
liar nature. 

, Ther£ is another local wind, which is met 
with in the interior of Afriica, and by many it is 
supposed 'to be different from the last : it is 
known by the name of samiel or simoom : it is 
still more deleterious and sudden in its effects 
than the kamsin ; and its course is much more 
rapid. We shall copy tlie description Mr 
Bruce has given of the instance of it which 
he met with in crossing the deserts : " At eleven 
o'clock, while we were contemplating the. 
rugged tops of Chigre, w^here we expected to 
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golace ourselves with plenty of good water, Idris 
cried out with a loud voice, " Fall upon your 
faces, for here is the simoom/' I saw from the 
south-east a haze come, in the colour like the 
purple part of tlie rainbow, but not so com- 
pressed or thick : it did not occupy twenty 
yards in breadth, and was about twelve feet 
high from the ground : it was a kind of a blush 
upon the air, and it moved very rapidly, for I 
scarce could turn to fall upon the ground, with 
my head to the northward, when 1 felt the heat 
of its current plainly upon my face : we all lay 
flat upon the ground till Idris told us it was 
blown over. The meteor or purple haze which 
I saw, was indeed passed ; but a light air which 
still blew was of heat sufficient to threaten suf- 
focation. For my part, I found distinctly in 
my breast that I had imbibed a part of it, nor 
Avas I free of an asthmatic sensation, till I had 
been some months in Italy." 

It is extremely difficult to assign a probable 
cause for the origin of this species of wind. 
From the accounts given by different travellers 
respecting the samiel, it does not seem to recur 
at set periods, and it is also irregular as to the 
time of its duration. Nor are we furnished 
wi£h any circumstance, that can enable their oc- 
currence to be predicted. The simoom has 
been referred to volcanic origin ; it having been 
experienced, that during severe earthquakes 
and volcanic eruptions, a noxious suffocating 
gas is at such times generally emitted, and 
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Avhich is even perceived in a slighter degree on 
the explosion of a powerful electrical apparatus. 
Though this opinion seems very probable, yet 
its absolute ceitainty, or that of any other cause, 
has not been ascertained : this arises principally 
from our ignorance of the interior of that coun- 
try, where these winds generally appear. 

The next kind of local wind is whirlwind^ 
or hurricane : these seem to depend on the 
same cause, and perhaps differ only in the for-* 
jiicr being more limited in its opemtion. The 
latter is experienced very frequently in the 
\^^cst Indies, on the western coast of Africa, 
arid in the Indian Ocean ; but although this 
meteor may fie observed most frequently in 
tho^e latitudes, still there is probably no coun- 
try exempted from their occasional appearance. 
In 1768, a meteor of this description occurred 
in the plain between Troyes and Bar sur 
Sienne : " The morning had been calm and se* 
rene, though the sun was somewhat obscured 
by a sort of thickness in the air ; the heat of 
the preceding day hiving been very great* To- 
wards ten o'clock of the morning, clouds began 
to collect; the wind was variable, from east, 
west, and south, and increased to a violent de* 
gree, whirling round so quickly, that it seemecj 
as if it would overturn every thing in its way ; 
its meatest force was exerted at the circum- 
ference of a circle, the diameter of which was 
not less than four leagues. After it had continued 
^bout an hour, the clouds began to dissipate, 
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and, forming a circle in the horizon, whose cen- 
tre was illuminated by the sun, and its circum- 
ference defined by the dark clouds, aixd by the 
whirlings of the dust which followed the course • 
of the wind ; it remained in greatest force for 
an hour and a half, and then gradually began to - 
abate ; though the dust continued to move 
quickly round for a longer time. All this took 
place without a single drop of rain, having /all- 
en." 

The above description convrCys but a faint i- 
dea of the dreadful effects of the hurricanes, 
which aie so often met with in tropical coun- * 
tries. On the 15th October I768, ojie of these 
dreadful tempests raged at Havannah, in the 
island of Cuba : it continued from two till four 
in the morning : the most substantial buildings 
could not withstand its fury : 4048 private 
houses, and 96 principal buildings, were laid iwi 
ruins by it : many large trees were torn up by 
their roots : two-thirds of the fruits in the su- 
garhouses and plantations were destroyied. At 
Batavan, where the storm raged with greatest 
violence, the ocean exceeded its usual bounds 
by at least a league : 69 ships were lost or 
wrecked upon the coast : the storm began on 
the south side of the island, and went off bv the 
north. 

It has been commonly supposed, that hurri- 
canes recur at certain periods ; but this opinion 
has not been confirmed by recent observation. 
Colonel Capper denies, that those which appear 
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in the Indian seas return at stated times : if it 
really were so, the difficulty of investigating 
their causes would be considerably lessened, but 
which are by no means fully ascertained. Abb6 
Richard, however, affirms, that such storms ha- 
rassed Burgundy for many successive years, and 
made their appearance on the 28th, 29th, and 
30th of June : they have been therefore imagi- 
ned Jo return once a year, or every second and 
seventh year ; but it seems a better founded 
idea, that their occurrence takes place most usu- 
ally about the time of an eclipse. M. Volney 
thinks, that the cause of hurricanes is owing to 
different strata of air being in difterent degrees 
pf density, their equilibrium being destroyed, 
jn consequence of the condensation of the va- 
pour in the higher stratum, thereby enabling it 

. to overcome the resistance occasioned by the 
elasticity of the lower : in this state it natural- 
ly descends, and, as it falls in with the current 
pf the atmosphere at the surface, all the appear^ 
ances of this sort of meteor are thereby produ- 
ced. It is on similar principles that Dr Frank- 
lin explains the appearance of hurricanes, as 
they occur in America. It is to be observed 
that whirlwinds occur with greatest violence, 
in countries where evaporation is greatest and 
most uniform throughout the different seasons. 
Abbe Richard imagines, that this circumstance 

' gave origin 10 a very remarkable one that oc- 
curred in Burgundy, in July 1755. " Anix- 
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tremely dark cloud, hanging low in the atmo- 
sphere, and driven forward by a north wind, 
was observed to cover the surface of the terri- 
tory over which the small town of Mirabeau is 
situated : it occasioned veiy singular appear- 
ances for about a league in length, arid for the 
half of that space in breadth. Different whirl* 
ings appeared at once in this dark mass of con* 
densed vapours ; there fell some hail, and thun- 
der was heard ; the (juickset hedge-rows, and 
most of the trees in the vineyards, were rooted 
up; the little river of Mirabeau was carried 
more than sixty paces, from its bed, which re* 
mained dry : two men were enveloped in this 
whirlwind, and carried to a distance, without 
experiencing any injury: a young shepherd was 
lifted high into the ait, and thrown upon thf 
banks of the river, yet his fall was not violeilt, 
the whirlwind having placed him on the vei'g6 
where it ceased to act. In the woods^ withiti 
Its circle, its effects were traced^ by finding thfl 
trees either twisted or torn up by the roots ; 
.^ome sheep that wTre in the fields Were envelof 
ped and carried to a distance ; several of them 
wete killed. It unroofed the farm-houses ; and 
after raging in this manner for half an hour, the 
wind shifted to the south, when the tempest 
immediately ceased/' From the foregoirig de? 
scription, and considering its similarity in many 
Respects to that of the descending water-spout, 
it appears extremely probable, th^t in many in- 
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etances these depend on similar causes ; and 
that electricity performs a most important part^ 
in occasio'ning every variety of the meteor now 
under review, though the exact degrefe, or man- 
ner of its agency, cannot be readily pointed 
out. 

There is likewise a singular vaiiety of the 
whirlwind, frequent in the deserts of Africa, 
where vast quantities of sand are elevated by it, 
i^nd driven forward like moving pillars ; they 
are said to be cliaphanous, and every one agrees 
that their temperature is very high, M. Adan- 
gon gives the following account of such an ap- 
pearance, wliich he met with in crossing the ri- 
ver Gambia : " This column of sand seemed to 
measure from 10 to IQ feet in circumference, 

* 

and about 250 in height : it was supported on 
the water by its base, and bore towards us by 
an east wind: as soon as the negroes had per- 
ceived it, they strenuously plied tlie oar to 
escape it : they knew better than I did, the 
danger to which we would have been exposed, 
had this whirlwind (tourbillon) passed over us ; 
fbr they understood, that its most common ef- 
fect is to suffocate by its heat, those it immedi- 
ately envelopes : it sometimes sets fire to their 
hamJiets of straw : they had the experience of 
many instances of people to whom such an ac- 
cident had happened, and thereby lost their 
lives : they were very glad to allow it to pass 
at 1 8 or 20 toises in the rear of the sloop, and 
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congratulated themselves to have esca|)ed so 
opportunely this torrent of fire, which tlie sun 
inade appear as a thick smoke. Its heat at 
100 feet distance, was so very powerful, that it 
raised a fume from my clothes, which were al! 
wet, though it had not time to dry them. The 
atmosphere was about 25^ of Reaumur, and I 
think the pillar must have been at least 50**, to 
have evaporated the humidity it attracted to it ' 
It left a strong smell, more like that given out by 
saltpetre than sulphur, and whfch remained a 
long time : its first- impression caused a prick- 
ing in the nose, and in some it caused sneezing; 
in me it produced hoarseness and diflficult re* 
spiration," 

Mr Bruce describes the appearance of a simi- 
lar meteor that occurred to him in his journey 
across the deserts : " At one o'clock we alight- 
ed among some accasia trees at Waadi el Hal- 
boub, having gone twenty-one miles. We were 
here at once surprised and terrified, by a sight 
surely one of the most magnificent in the world. 
In that vast expanse of desert from west to 
nortli-west of us, we saw a number of prodi^- 
ous pillars of sand, at difl^erent distances, at 
times moving with great celerity, at others 
stalking on with majestic slowness. At inter- 
vals we thought they were coming in a very 
few minutes to overwhelm us^ and small -quan- 
tities of sand did actuallvmore than once reach- 
us : again they would retreat so as to be almost 
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out of sight, their tops reaching to the very 
clouds ; then tlie tops often separated from the 
bodies, and these once disjoined, dispersed in 
air, and did not appear more: sometimes they 
were broken in the middle, as if they were 
struck with large cannon-shot. At noon they 
began to advance with considerable swiftness 
upon us, the wind being very strong at north. 
Eleven arranged along the side of us, about the 
distance of three miles : the greatest diameter 
of the largest appeared to me at that distance 
as if it would measure ten feet. They retired 
from us with a wind at south-east, leaving an 
impression upon my mirid to which I can give 
no name, though surely one ingredient in it was 
fear, with a considerable^ deal of wonder and 
astonishment. It was in vain to think of fly- 
ing ; the swiftest horse, or fleetest sailing ship, 
could be of no use to carry us out of this dan- 
ger ; and the full conviction of this, rivetted me 
as if to the spot m here 1 stood." Again he re- 
marks^ " The same appearance of moving pil- 
lars of sand presented themselves to us this day; 
in form and position like those w^e had seen 
at Waadi el Halboub, only they seemed to be 
more in number and less in size. They came 
several times in a direction close upon us, that is, I 
believe, within less than two miles'. They began 
immediately after . sun-rise like a thick cloud, 
and almost darkened the sun. : his rays shining 
through them for more than an hour, gave 
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them an appearance of pillars of fire. Our peo- 
ple now became desperate ; the Greeks shriek- 
ed out, and said it was the day of judgment; 
Imael pronounced it to be hell ; and the Turco- 
mans that the world was on fire." 

It seems probable that it is from a similar 
source, that showers of sand originate, these ha- 
ving been experienced in coimtries at a consi- 
derable distance from the deserts, and even at 
the length of many leagues out at sea. When 
we consider the prodigious force of whirlwinds 
in general, the diversity and bulk of the mate- 
rials elevated by them, no other circumstance 
can be so readily referred to as the cause of tliis 
appearance. Showers of ashes have likewise 
been experienced in siijiilar circumstances. In the 
2d volume of the Royal Transactions, Mr Ro- 
binson gives the relation of such an occurrence 
having taken place on board of a ship at anchor 
in the Archipelago, December 6. 1631, and that 
a shower of similar matters fell the same day 
on the decks of some ships coming from St Jean 
d'Acre, and at 100 leagues distant from the an- 
chorage of the former. In both- instances it 
continued to fall from ten at night till two in 
the morning. It is not improbable, that many 
unusual matters which occasionally descend from 
the atmosphere, owe their origin to such causes. 

In every climate, winds occasionally blow, 
where, on account of their irregularity and great 
extent, their causes have been found hitherto, in 



^grcat measure inscrutable. However, winds 
appearing loeally, and at no certain period, 
«ecm to be connected more particularly with 
the proportion and state of vapour contained iu 
the atniospliere. In lonj;; continued drought, 
the atniosj>here being more rare, is liable to be 
displaced by the circumjacent columns which 
Muffer an increase of velocity of their motion, in 
proportion to the diminution of resistance they 
meet with in their course. It is therefore expe- 
rienced, that temporary gales usually succeed a 
long tract of dry calm weather. The condensa- 
tion of vapour in the atmosphere also occasions 
au irregular rapidity in the velocity of the air, 
as it forces itself into the space that has been 
occupied by the vapour in its elastic state. In 
tliis way, it is found, that irregular winds occur 
with most violence in countries which are sub- 
ject to sudden and immense discharges of rain, 
as witiiin the tropics ; and they are most vio- 
lent in those districts of a country which are 
most rainy : thus, the wind is generally observed 
to be more violent and irregular over the west 
coast of Britain. Dense clouds arc commonly 
followed by a breeze of wind, especially during 
summer: this seems to be occasioned by the 
greater degree of cold in the air immediately 
surrounding it, in consequence of the evapora^ 
tion by the sun's rays from its surface. 

^Ve liave thus endeavoured to give a general 
account of the varieties of winds, so far as they 
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are known, and can be of service in elucidating 
their causes, which we have also attempted to 
explain. It has been already remarked, that a 
continual circulation of the atmosphere is at all 
times going on a\'er the diftferent regions of 
the earth ; and it appears, that this process is 
•chiefly eftected by the operation of tlie g-eneral 
wmds from the polar regions tending towards 
the tropics, and by the trade-winds, in their di- 
rection westward, being deflected by striking 
against the high grounds of the continent of 
America, and the north-east of Asia, which in 
this manner acquire an inclination to the hemi- 
sphere opposite the sun's tropic. This tendeur- 
cy is increased by the gravity of the deflected 
Current itself; and it is owing to this cause, 
that there is found to be an accumulation or in- 
-crease of the atmosphere over the northern he- 
misphere during winter; it is to this cir- 
cumstance likewise^ that the southerly current 
«f air is so prevalent about the winter solstice. 
.These currents, together with the periodical 
•stream of the monsoons, appear to supply the 
loss of air without the tropics, occasioned by 
the cuiTcnts which set in from the poles towards 
.the equator. On considering the particular dir 
rection of the. trade-winds, and that the opera- 
tions of their causes are ahnost entirely confined 
to the surface of the earth, it is thereby render- 
jed .probable,, that the mass of air forming their 
cuire«ts must be comprehended in the lower 
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strata of the atmosphere, and that the rarefied 
air in their course does not reach to. the entire 
height of the atmospherical column. This opi- 
nion seems to be corroborated, by finding that 
the term of congelation in the atmosphere ex- 
ists invariably within the limits of the trade- 
winds, which otherwise could not have been 
the case, did the heatied air ascend to a greats 
height. This low temperature of the uppef 
strata of the atmosphere must tend greatly to 
repress the ascent of the current below ; the cir- 
culation of air over the plane of the atmosphere 
will therefore be but sparing, if it really can 
take place in any degree. A different opinion 
respecting the elevation of the mass of air 
which forms the trade-winds, is maintained by 
the celebrated Franklin ; and he endeavours to 
illustrate his opinion, by what must take place 
in the air of a room heated by a stove placed in 
the middle : but this illustration is by no means 
applicable in the present question : the room and 
the stove are both motionless ; therefore the air 
the former contains will necessarily arrange itself 
according to its specific gravity : on the contrary, 
the heated current forming the trade-winds moves 
horizontally, in consequence of the earth's mo- 
tion, which must be likewise increased by the 
superincumbent and lateral colder strata of air 
pressing towards this sti^am. Were the trade- 
winds to involve in their course a mass of air of 
such extent as Dr Franklin supposes, we should 
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expect to find their currents taking place with- 
out interruption on the coasts of the different 
countries over which they pass, but especially 
on the western shores of America : on this 
coast, however, the winds pursue a very diflfe- 
rent course : there the sea and land breezes are 
found to extend several leagues from the shore ; 
and it is necessary to get an otfing of at least 
forty league&y before meeting with the general 
winds. Thus, it is indisputable, that the moun^ 
tainous chain of that country forms a line be- 
tween two different systems of winds, — See 
Volney^s America, p. 1 82. 

It will appear, from what has been premised, 
that were the surface of the globe uniform, and 
of equal density throughout, the trade-winds 
and general currents from the north and south 
liemispheres would in that case be the only 
winds that would blow ; every otlier current we 
have had occasion to mention being merely to 
be considered as an irregularity in tlic motion 
of the atmospliere, occasioned by the partial 
operation of local causes. 

By the foregoing observations, it has been 
shown, that the perm^toent aerial currents with- 
in t;he tropics undergo a considerable variation 
in the direction of their course, in consequence 
of the change of the earth's position in its an- 
nual motion round the sun. From this cause 
also, the current of the atmosphere varies in a 
more remarkable degree over latitudes without 
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tiie tropics. This variation is iikewise increased 
by the specific gravity of the air itself, and its 
tendency, from that property, tx) acquire an 
equilibrium. Southerly and westerly currents 
of air must therefore be predominant over the 
northern hemisphere, from the 30^ N. lat. norths- 
ward, during a great part of the year : they 
are accordingly found to prevail from a few 
weeks after midsummer till near idie time of 
the vernal equinox. This current becomes more 
southerly as the season advances, and is fre- 
quently nearly due south in the month of Jat- 
niuary. Dyring winter, ov^r the southern he- 
misphei^, the current likewise sets in from the 
equator, taking a north-west direction. As the 
sun ascends in the nqrtfa ^opic, and after he 
has acquired a few degrees of altitude, the den-r 
(ser atmosphere of the polar region descends the 
plane of the northern hem^phere, being propel*- 
led by its greater specific gravity. In this maur 
lier, a north or north-east wind is established as 
far as the northern limits of the north-east 
trade-wind. During its continuance, the wea* 
ther is generally cold and dry, and is rarely ac- 
companied with a fall of rain or snow. It is 
during the season when the equatorial current 
prevails, that falls of snow occur in the higher 
latitudes of the temperate zone ; and if in this 
case it happens to be diverted from its course^ 
by the transitory resistance of the atmosphere 
fron? the pole, the snow generally lip3 till the cur* 
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rent from the line again sets in. But wliile thf 
sun ascends in the south tropic, the prevailing 
winds over the austral division of the globe 
must arise from a current setting in from the 
south pole ; and as it proceeds onward to the 
equator, it will take a south-east course, more or 
less direct, according to the season of the year. 
Dr Darwin's idea respecting the cause of south- 
east and north-east winds, seems readily to ad- 
mit of an explanation by this theorj'^ : indeed, 
by keeping in mind the influence of the season 
of the year, and the effects of local situation in 
varying the direction of general winds, the prcr 
vailing winds over an extensive coast may be 
predicted with tolerable certainty. The polar 
current varies in the time of its commencement, 
according to the mildness or severity of the 
winter. When that season has been mild and 
wann, it generally sets in earlier ; the dense at- 
mosphere over the boreal regions being suffi- 
cient to overcome the resistance opposed by the 
air more rarefied, in the latitudes nearer the tr 
quator : on this taking place, cold frosty wea- 
ther generally sets in ; this commonly occurs 
in Britain in the course of the month' of March, 
and is but of short continuance. 

In thi§ manner we are enabled to comprehend 
more fully the great effect of winds in the eva- 
poration of water ; and likewise why certain 
winds, in every country, usually bring rain or 
dry weather. It seems to be owing to the teii- 
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(kncy of the equatorial current noxthwaid, by 
being propelled by the forcible deflection of the 
trade-winds, that the heaviest rains in Britaiix 
are observed to occur some time between the 
summer solstice and the autumnal equinox ; the 
vapour with which the south wind is impreg- 
nated, being dissolved as it proceeds over the 
latitudes nearer the pole. 

From what has been premised on the cause 
of the circulation of the atmosphere, it might 
be supposed, that the polar and equatorial cur- 
rents should be found to predominate equally 
during the year; and this to a certain degree will 
be found to be the case : for although the west 
winds prevail most frequently over Britain, and 
perhg^ps all over the northern hemisphere, neverr 
theless there is a period when the easterly wind^ 
do occur more frequently than a current from 
any other point of the compass : this has been 
already shewn to intervene from about the ver- 
nal equinox, till towards the corresponding period 
in autumn. The increasing force of the sun's 
rays, as he ascends the zodiac, by rendering the 
atmosphere all over the northern heniisphere 
more equal in point of rarefaction, seeins to ope- 
rate as the cause, preventing the continuancp 
of the polar current, with unremitting flow to-, 
wards the equator, during an equal period of the 
year ; we therefore find, that as these climates 
beg-in to acquire their highest temperature in 
the summer, the polar current becoming gradu- 

U4 
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ally less strong, frequently intermits for a week 
or two, and has generally ceased before the ap- 
proach of the autumnal ecjuinox. 

The atmosphere over latitudes north of the 
equator, being more nearly equal in point of 
temperature and gravity, and as the inclination 
of the earth gradually declines about the months 
of July and August, the wind rarely blows 
strong from any quarter at that period. In this 
vi^y, the following table by Mr Dalton admits^ 
of illustration ; and it likewise accords with the 
synopsis of the weather by Dr Kirwan, in difFe^ 
rent volumes of the Irish Transactions : it is 
drawn up from the observations of several years, 
made with a view of determining the months' 
most liable to high winds, and the proportioi) 
of each* 



Jan. 


Ftb. 


Mar, 


April, 


May, 


June, 


18. 


17. 


8. 


6. 


2. 


2. 


July, 


Aug. 


Sept. 


Oct. 


No»« 


Dec. 


3 


0. 


1. 


7. 


12. 


24. 



From the foriegoing doctrine it will be under- 
stood, why the change of current in the air, 
about the vernal equinox, is rarely attended by 
hiffh gales of wind in countries north of the 
equator ; while, on the contrary, storms and 
hurricanes are most prevalent after the autum- 
nal equinox, when the equatorial current has 
set fairly in. It is owing to this tendency to 



certain points in the current of the atmosphere 
at different seasons of the year, that we find, 
while the equatorial current prevails, that any 
commotion in the atmosphere, northward of the 
line, will be probably followed by similar agi* 
tations in it, over the corresponding hemisphere; 
the mobHity of the air being so great, an im- 
pulse given to any portion of it is regularly 
propagated through its wh<^e extent. 

By the foregoing theory we unders^tand why 
winds have so gi-eat an influence in modifying 
the heat of climates, and in causing variations of 
the weather. The warm atmosphere from the 
tropics, by giving off a portion of its heat, as it 
blows over latitudes beyond their limits, melio- 
rates the temperature of those climates. It has 
been likewise mentioned, that this effect is very 
much incKased by a condensation of the vapour 
it contains, in its progress towards the pole. It 
is probable, that from this source the necessary 
quantity of humidity is obtained for bringing 
the productions of the earth to maturity ; and 
during winter it supplies a covering for the 
earth, well adapted for warding off- the perni- 
cious consequences that often ensue to plants, 
during the most rigorous season. On the other 
hand, the current of air from the pole tends to 
abate the otherwise too powerful influence of 
the sun's rays, as he ascends in the ecliptic, on 
matters long exposed to a low temperature. In 
this manner, it appears to be entirely owing to 
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the circulation of the atmosphere, that the va- 
rious regions of the earth are habitable. 

This effect of the winds was well known to 
the ancients, and aifords a sublime illustration 
of the benevolence of the Supreme Being. Se- 
neca, speaking of this subject, remarks, in terms 
equally philosophical and sublime : *' Dedit 
Ille ventos ad custodiendum coeh terramque 
temperiem, ad evocandas, supprimendasque ar 
quas, ad alendas satorum, atque arborum fruc- 
tus ; quos ad maturitatem cujn aliis causis adr 
ducit ipsa jactatio, attrahens cibum in summa, 
et ne torpeat promo vens. Dedit ventos ad ul- 
teriora noscenda, fuissct autem imperitum ani- 
mal, et sine magna experientia rerum homo, si 
circumscriberetur natalis soli fine. Dedit ven? 
tos^ ut commoda cujusque regionis fierent com- 
munia, non ut legiones equitemque ^estarent, 
nee ut pemiciosa gentibus arma transveherent/' 
Lib. v. cap. xviii. 5. Ques. Nat, 
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SECT. III. 
OF LUMINOUS METEORS. 

The meteors that come next to bef consider- 
ed, are called luminous or shining, as they are 
produced either by the . reflection of the sun's 
rays, or by electricity, or in consequence of the 
. combustion of phosphorus and hydrogen gas. 
These last appear most commonly in combina- 
tion, and they catch fire at the common tempe- 
rature of the atmosphere. Meteors, depending 
for their cause on the effects of the luminous 
rays of the sun, are hkewise frequently deno- 
minated iridescent meteors : to this class be- 
long the iris or rainbow, halos of the sun and 
moon, parhelion and parselen^, mock sun and 
mock moon, &c. ; to the second class belong 
fire-balls and the aurora borealis; the third in- 
cludes the ignis fatiais. 



Of the Rainbow, 

Among all rude nations, it would appear that 
the rainbow has been commonly esteemed as a 
preternatual appearance, and in their mythology 
a subordinate place has been usually assigned 
to it. The Greeks regarded the iris as the 
daughter of Thaumas and JElectra, on accounj 
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of its beautiful variety of colours ; and the Ro- 
mans appointed her to the particular service of 
Juno, with whom she appears to have been a 
very great favourite. Virgil says, 

Turn Juno ornnipotens, longrum miserata dolorem 
Difficileque obitus, irim dimisit Olfinpo^ 

Ergo ins croceis per coelum rosdda pennSs, 
Mille trahens varios ad verso sole colores^ 
. Pevolaty et supra caput astitit. 

But the Peruvians seem to have carried their 
superstition in regard to this meteor to a much 
farther length than either the Greeks or Ro- 
mans ; for there was an apartment in the cele^ 
brated temple of the sun at Cusco, dedicated 
entirely to its worship, and servants were exr 
pressly set apart for this purpose. The Jews, 
too, at a remote period of their history, seem to 
have entertained a very fanciful idea of the 
purposes of the rainbow, pot more consistent 
with its true nature, than tlie opinions already 
mentioned. The cause of the appearance of 
the rainbow, was by no means understood by 
the ancients. Aristotle describes it as being the 
refraction of light from a cloud ; but no other 
circumstance is mentioned, which could tend 
in any degree to elucidate its nature. Albertus 
IMagnus is supposed to have been the first who 
indicated the real cause of the iris; and so early 
aS'lfiH, Antonio dc Dominis, Bishop of Spola- 
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tia, liad determined it by experiment ; but the 
fact seems to have been little regarded during 
his own lifetime, although an investigation of 
this phenomenon has been held an v interesting 
subject of inquiry by the learned in every aera* 
De Cartes bestowed much care in the investiga- 
tion of this matter; but its causes were first 
satisfactorily explained by Sir Isaac Newton, 
having accurately determined the refrangibi- 
lity of the primitive rays, in his analysis of 
light : Its nature was tliereby fully developed ; 
and on these principles it has been found, that 
the iris is caused by the reflection, and double 
refraction of the rays of light, in its entrance 
and exit from the drops of water in the air. 

The rainbow api>ears only when the atmo-» 
sphere is damp, and actually raining : it is most 
usually seen during day, though from the most 
remote antiquity, it has been also occasionally 
observed during night. It frequently appears 
in the vapour raised by the dashing of water, in 
extensive cataracts; and also in the spray of 
the sea. The iris commonly appears in the ho- 
rizon in form of an arch, though it has been 
sometimes observed as a complete circle, and at 
other times in the figure of a small segment. 
The position of the sun always corresponds to 
the top of the bow ; the spectator being placed 
between the iris and the sun : its height in re- 
spect of the spectator is about 42* at the top of 
tlie arch, and 40* ii^ the under border of it : its 
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precise figure is occasioned by the eye of thtf 
spectator, forming the summit of a cone, whose 
base is formed bv the cloud where the rainbow 
appears ; the central line is the axis, and around 
the circle the visual rays are supported ; some 
are in the exterior of the coloured band, where 
they make an angle of 42 degrees ; the others 
are formed on the intermediate circumference, 
where they form angles of different degrees, ac- 
cording to the refrangibility of the colours that 
are seen : thus, the particular figure of the rain- 
bow is owing in a great measure to the position 
of the spectator, as well as to circumstances de- 
pending on the form of the cloud on which the 
iris appears. For this reason, it is evident, that 
different people do not perceive the same in- 
dividual rainbow. The varieties of colour in 
the iris, is evidently occasioned by the diflferent 
degrees of refrangibility of the primitive rays of 
hght : in the double refraction these undergo in 
passing through the drops of water, and by 
being reflected to the eye of the spectator, they 
are presented in the same order as in the spec- 
. trum. This is satisfactorily explained by the 
experiments of Sir Isaac Newton ; he found, 
that the sines of the* most refrangible rays, in 
passing from water into air, is as 1 S5 to that of 
the least refrangible 182, the sine of incidence 
being 138 : in this ,way, he calculated the size 
of the iris : If the sun were a physical point 
without magnitude, the breadth of the inner 
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bow would be two degrees ; but allowing half 
a degree for the apparent diameter of the sun, 
the whole breadth must therefore be 2t degrees: 
but the outermost colours of the spectrum being 
extremely faint, it will not appear more than 
two degrees. In the same way, he finds, that 
the breadth of the exterior bow, if it were 
equally vivid throughout, would be 4° 20' ; but 
on account of the great faintness of its colours, 
it does not appear to exceed S*". The sun al- 
ways corresponds to the centre of the arch ; if 
he is higher upon the horizon than 42*, the cen- 
tre of the arch will be as much sunk below it; 
therefore no primary rainbow can be seen, but 
which will be proportionally more complete as 
that luminary acquires a just position: for the 
perfect appearance of the meteor. The position 
of the sun according with the centre of the 
arch, and of course being within the horizon, is 
the reason why a circular rainbow is so rarely 
seen : when such a phenomenon does appear, it 
occurs always at sun-set, or in the spray of a 
cataract. The complete form of the semicircu* 
lar rainbow, depends on the position of the 
spectator, the time of the day, state of the wea- 
ther, and evenness of the ground. There is of- 
ten seen a double iris, but when two are seen at 
the same time, the reflection from both is never 
equally vivid : in the one last fonned, the re- 
flection of the sun's tays is always most faint, 
and in an order reverse to* that of the original 
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bow. This seems owing to the same rays of 
light suffering a second time a double refraction 
and reflection, and thus a considerable propor- 
tion of tliese being dissipated, in passing so fre- 
quently through one medium into another. It 
is for this reason, also, that three rainbows are 
rarely visible at the same time. Aristotle has 
taken notice of this circumstance, and account- 
ed for it on principles nearly consonant with the 
doctrine of the immortal discoverer of the com- 
pound nature of the solar rays : he says, " tres 
autem non adhuc fiunt, neque plures irides, 
quia et secunda fit languidior, ut et tertia re- 
fractio, valde debihs fiat, et impot^ns sit perve- 
nire ad solera." Meteor, lib. iii. cap. iv. The 
above theory likewise affords an easy explana- 
tion, why a rainbow frequently appears rever- 
sed when viewed from a height, and how this 
phenomenon sometimes appears after sun-set 
When two bows are formed, the inner always 
vanishes when the sun exceeds 42°; and even 
the upper bow vanishes when the angle of inci- 
dence of tlie visual rays exceeds 54^ 

In the year 1757, Mr Edwards saw a rainbo^t 
in the west, just after the sun had set : the sky 
being overcast and covered with clouds, the 
rainbow appeared more elevated than tliey u- 
sually do. There have been rainbows frequent- 
ly perceived, that did not reflect all the primi- 
tive colours ; indeed, it is but rare, that the 
whole are visible. Don Uloa saw them entire- 
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ly white on the summit of the Andes. M. 
Daval, in 1 748, saw an iris of a green oolour^ 
approaching to yellow, one of » deeper green 
mixed with purple, and another entirely pur- 
ple. But these and every other variety of thiji 
meteor, are occasioned by some accidental in- 
teiruption of the same general cause, prevent- 
ing the complete reflection of the coloured rays. 
M. Bernier saw the lunar iris at two different 
periods, while he remained at Delhi; and Mr 
Tunstal* gives the description Qf two he obser- 
ved in England. 



Of the Parhelion and Parselen^f or Mock Sun 

and Moon. 

The next of the iridescent meteors ,is the 
parhelion or mock sun. This appearance is oc- 
casioned by the more direct impression of the 
complete form of that planet on the surface 
of a dense cloud, which reflects the image in 
the order his rays have been received. Parhe- 
lia are commonly seen at sun-rise, or at sun-set- 
ting, and are almost always two in number. 
When the rays are divergent, there is common- 
ly the appearance of an iris surrounding the par- 
helion ; and it most usually occurs in this man- 
ner : Parhelia are most frequent in northern cli- 
mates, and in the spring, when the evaporation 
begins to increase after the winter s cold. Ne- 
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vertheless, they have beeti observed in South 
America, and in other tropical countries in eve- 
ry season : they have been likewise seen in that 
part of the horizon where the sun happened to be, 
but where there was no appearance of a cloud, the 
atmosphere at such times being very moist. In 
like manner, the parselene has been observed to " 
accompany the moon ; the air being then ex- 
tremely serene, and impregnated with a sort of 
mist. Musehenbroeck ascertained, that parhelia 
could not be discerned at places a little way 
distant : thus, the mock suns that were visible 
at Haarlem on Febmary 22. 1734, were not visi- 
ble at Utrecht ; nor were the mock suns that 
were seen on the 12th March, in the same year, 
at Catwyck, Leyden, and Hundkirke, visible 
at Utrecht. This affords a decisive proof, that 
the cause of this*meteor must be limited to the 
stratum of air near to the earth's surface. i 

The causes producing parhelia are similar to 
those which give rise to the rainbow, and seera 
only to differ in consequence of the difference 
of the reflecting medium, which, according to 
its degree of density, produces variations in the 
appearances of those meteors. The rainbow 
seems to originate by the reflexion of the solar 
niys, from vapour in a state of actual condensa- 
tion. In the present instance, the reflecting 
medium evidently exists in tlie state of vesicu- 
lar vapour. In this way, these meteors frequent- 
ly appear together, although tlie parhelia appear 



OF THE PAftHELlOST, &C. 323 

between the sun and spectator ; contmry to 
what takes place in the formation of the rain- 
bow. Still it has been supposed, that when the 
impression of the rays is direct, they give rise 
to an exact representation of the sun itself: 
when divergent beyond a certain degree, they 
produce the rainbow. 

The parselen^, or mock moon, appears most 
frequently in winter, and in the most perfect 
form when the moon is about the full : though 
these have been seen at every season of the 
moon s age, the completeness of the representa- 
tion depending considerably on the density of 
the reflecting medium. 

The cone of red light which, is observed to 
accompany the rising and setting sun in north- 
era countries, as in Hudson's Bay, is owing to 
a similar cause to that which gives occasion to 
other iridescent meteors. And in this instance, 
it seems to be the consequence of the gieat 
quantity of vesicular vapour, with which the 
lower stratum of the atmosphere is always load- 
ed in that climate. 

The most remarkable parhelion of which we 
have an account, is related by Cassini, in the 
10th volume of the Memoirs of the Academy 
of Sciences. It was seen on January 18. 1693 : 
except the very spot where the sun was about 
to rise, the eastern part of the horizon was co- 
vered with thick clouds : at thirty-eight mi- 
nutes past seven, a luminous appearance wa$ 
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seen at this spot, which seemed in size as large 
as the sun, and rose perpendicularly towaids the 
clouds ; aftei'wards the image of the sun's disk 
was seen to appear through the fog, from 
whence issued rays perpendicular to the hori- 
zon, and in height about 10 degrees. M. Cas- 
sini, who had mistaken this meteor for the sun, 
was now greatly amazed to perceive the supe- 
rior edge of that luminary gradually come into 
view, and in brilliancy eijual to his appearance 
in calm weather. Tl^is brilliancy enabled liim 
to distinguish it from the mock sun, which 
still remained fully in view, of the same size 
and form of the true sun, and it also illumina- 
ted the clouds by its rays. A little while after, 
the sun being completely hid by the clouds, 
M. Cassini was still more surprised to «ee a 
third sun appear immediately below, of the 
same size and figure, and in the same vertical 
line : this one had a train below, similar to 
what the first one had above, and which rose in 
the horizon. Nevertheless, the first parhelion 
remained, but his perpendicular rays became 
more feeble and shorter ; then they began gra- 
dually to disappear, and at fifty^ight minutes 
past seven, there was no trace of them. These 
meteors are tbrmed by the refraction and con- 
sequent reflection of the sun's rays ; but in, the 
parhelia, the refraction is perhaps less complete 
than in the formation of the iris, the reflection 
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being more immediate, in consequence of the 
peculiar nature of the reflecting medium. 



Of Halos. 

The Halos which occasionally surround tlic 
sun and moon, fall next to be considered ; these 
are most frequently observed to accompany the 
moon, and are therefore only met with during 
night. This meteor only appears when there 
is a slight fog in the iatmosphere : this degree 
of humidity being so readily dissipated by the 
calorific rays of the sun, i« the reason why halois 
so rarely accompany that planet in temperate 
climates. Halos seem to be occasioned by the 
rays of light striking ag-ainst a cloud or atmo- 
/sphere, which, although considerably unifonti 
and dense, is still so rare as to allow tliem to be 
scattered at the point of incidence, and which 
are thus refracted and reflected from every point 
around, giving the appearance of a luminous 
circle. This appearance can be produced, by 
placing one's self behind any large water-work 
while it is playing; so that the vapour may in- 
tercept either the solar or lunar rays. A simi- 
lar appearance is frequently perceived around 
the liglits in the streets, during damp weather : 
sometimes a similar appearance is seen, upon 
rubbing the eyes ; but the cause of this last is 
evidently in the eyt itself: the contents of the 
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glands of the eyelids, and the carunculse laciy- 
malis, being thus squeezed out, and thereby 
spread over the cornea, causes the refraction of 
the rays as tliey reach the eye, and produce all 
the phenomena of an halo. Halos are not alto- 
gether colourless, though tlieir colours are nei- 
ther, so various nor so vivid as those of the rain- 
bow ^nd parhelion : this is in consequence of 
the luminous rays being somewhat differently 
refracted, as the rays of light are scattered at , 
the same point of refraction, and the point of 
reflection being the same, the chcles are more 
or less coloured, according to the density of the 
medium. In the colours of an halo, the deep- 
est shade is always in the centre of the object ; 
towards the circumference it inclines to white, 
and between the luminous body and the meteor, 
there is always perceived a space less deeply 
coloured than tjie exterior circle^ In the forr 
mation of the iris, the atmosphere must be ac- 
tually raining : the parhelia and halos, arise in 
consequence of the refraction and reflection of 
the luminous rays through an atmosphere loadr 
ed with vesicular vapour, which is perhaps more 
dense when the former of these is produced. 
These meteors are also more commqn about 
Hudi^on's Bay, and in other parts of North Ame- 
rica, where they are observed to be more bril- 
liant than in Europe. They are seldom seen in 
warm countries, and never in the sandv deserts 
'of Afripa. The condition of the • atmo§phere 
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giving origin to these appearances, does not 
reach high ; hut, on the contrary, it seems to 
€xist in the stratum immediately over the 
earth's surface. Dr Darwia says, '^ In riding 
in the night over an unequal country, I obser- 
ved a very beautiful halo round the mopn, when- 
ever I was covered with a few feet of mist, as 
I ascended from the valleys, which ceased to 
appear as I rose above the mist. This, I sup- 
pose, was owing to the thinness of the stratum, 
of mist in which I was immersed : had it bee^ 
thicker, the colours refracted by the small drops 
of which a fog consists, would not have passed 
through it down to my eyes/' Parhelia, as well 
as halos, have been supposed to prognosticate 
storms of wind and rain : this observation has 
been made both by husbandmen and mariners. 
Dampier expressly says, that a tempest never 
failed to follow a circle round the sun ; those 
which appear round the moon, rarely augur so 
riiuch mischief. He also ascertained, that when-i 
ever there appears a break in the lunar halo, a 
storm may be expected from the corresponding 
Quarter. 
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SECT, IV. 
OF ELECTRICAL METEORS. 



Of Fire-BallSy or Dracones Volantes. 

Appearances of fire gliding through the at- 
mosphere in Form of a ball, Imve been supposed 
to be occasioned by electricity : they arc deno- 
minated dracones volant eSy especially whea fol- 
lowed by a train of a description similar to that 
of their body ; and they are supposed to be 
most frequent when the actual eruption of some 
volcano takes place. Their appearance is per- 
haps more frequent that what is generally sup* 
posed ; neither are they peculiar to climate or 
season of the year, the draco volans being met 
with in ^e very country. On the 10th of .Au- 
gust 1783, th^re was one visible all over Bri- 
tain, and a great part of the continent : it took 
its course from north to south, and was sup-f 
posed to have originated in Iceland, Mount 
Hecla having been at that time in a state of 
violent eruption. It occasioned a peculiar 
rushing noise iti the atmosphere, and a smell 
similar to what is experienced after electrical 
explosions. It was calculated by Sir Charles 
Blagden to have moved in the atmosphere at 
the rate of twenty miles in a second, and to 
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have had its course at an immense height, be- 
ing, according to his calculation, about 60 or 
70 miles above the earth's surface. There was 
a former fire-ball seen in Britain, in November 
26. 1758, which was calculated to be 10() miles 
elevated aliove the earth's surtace, and to have 
been one mile and a half in circumference. It 
moved towards the north at the rate of 30 
miles in a second of time. This fire-ball, ag 
Uvell as that which appeared in 1783, threw off 
many sparks in its course, and had a train a{ 
several miles in length. In 1746, on tfie night 
between the 11th and 12th of June, there arose 
a fiery meteor in the vicinity of Ostia : it first 
appeared as a very dark cloud, gru dually in- 
clining to the earth, throwing out tlames in its 
progress towards Rome, of a strong sulphureous 
smell : it came forward with great velocity, 
by a south Avind, and seemed to be elevated 
only about thi'ee or four feet above the ground : 
it moved rapidly forward for about twenty 
iniles, in a zig-zag direction, and was accompa- 
nied in its course by thunder and lightning; 
it overthrew trees and houses that stood in its 
way ; out of four wails which it passed perpen- 
dicularly, two only were left standing : where- 
ever it passed, a tremulous motion of the earth 
was perceived ; before it reached Rome, a vio* 
lent gust of wind was felt, attended with a loud 
hoarse noise, 'which the meteor seemed to occa- 
sion ; it passed tlirough the lower part of that 
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city, where it reduced to ruins whatever oppo- 
sed its course between the Tiber, tlie Capitol, 
the Horse Course, and the Pincio, shaking the 
houses as it went along : this meteor liad been 
preceded by weather somewhat stotmy. 

There was likewise a ball of fire seen to arise 
out of a cistern standing in one of the turrets 
of tlie monastery belonging to the nuns of St 
Christian, near Bologna ; it happened in aur 
tumn 1745. One of the angles of the turret 
had been injured in the roof for jsome time pre- 
viously, and the rain had thereby fallen through 
it. The fire-ball rose with great rapidity, and 
3triking against the top of the tower, it explodr 
ed with a tremendous noise. 

In July 17. 1771, a fiery meteor was seen at 
Paris, Passy, Nantes, Rouen, Beaumont, Aux- 
erne, Dijon, DoUe, Lyons, St Omers, and, ac- 
cording to report, it was also seen at London, 
At Paris it appeared of a yellow colour; was 
several feet in length ; and accompanied by a 
noise like the rumbling of a waggon going 
smartly over a pavement The air was calm, 
but the weather had been very sultry for seve^ 
ral days before. This meteor burst in the vici^^ 
nity of I^'Orient, throwing out an immense 
quantity of sparks. The next day some rain 
fell, which was extremely foetid. The ball ap 
peared so low in the air, that it was supposed 
to have ah gh ted in several other places before 
it actually reached the ground on the sea-coast. 
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Xt is probably owing to a meteor similar to this,^ 
that showers of fire are recorded to have occa- 
sionally happened. 

- . We shall close this account of fire-balls, by 
repeating the relation of a very remarkable one 
of this description, which, in its effects, is dis- 
tinctly shown to have been of electrical origin, 
and by which it will likewise be seen, that these 
meteors are not solely confined to land, neither 
do they always keep at an immense distance 
from tlie surface of the earth* The account of 
it is given by a gentleman who witnessed its 
effects : it occurred on board Admiral Chalmers' 
ship The Montague, and is related in the fol- 
lowing words by Dr Priestley, in his History 
of Electricity : 

'^ On the 4th November 1 749, in the latitude 
42^ 48', longitude 9^ 3', he was taking an obser- 
vation on tlie quarter-deck about ten minutes 
before twelve, when one of tlie quartermasters 
desired he would look to the leeward, upon 
which he observed a large ball of blue fire roll- 
ing on the surface of the water, at. about; three 
miles distance from them. They immediately 
lowered their top-sails ; but it came down upon 
them so fast, that before they could raise the 
main-tack, they observed the ball to rise almost 
perpendicular, and not above forty or fifty yards 
from the main-chains, when it went off with an 
explosion as if hundreds of cannon had been 
fired ofl' at one time, ^nd ca$t $o great a smell 
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of brimstone, that the ship seemed to be no- 
thing but sulphur. After the noise was over, 
Avhich he believed did not last longer than half 
a second, they found their main-topmast shat- 
tered into above a hundred pieces, and the main- 
mast rent quite down to the keel. There were 
some of the spikes which nailed the fish of th^ 
main-mast drawn with such force out of the 
mast, and they stuck so fast in the main-deck, 
that tlie carpenter was obliged to take the iron 
crow to get them out : there were five men 
knockecf down, and one of them greatly bump- 
ed by the explosion. They believed, that when 
the ball, which appeared to them to be of the 
bigness of a large milstone, rose, it took thi 
middle of the main-topmast, as the head of the 
mast above the hounds was not splintered. 
They had a hard gale of wind from the north 
by west to north north-east for two days before 
the a<icident, with a great deal of rain and hail, 
and a large sea from the northward : they had 
no thunder or lightning neither before nor after 
the explosion. The ball came down from the 
nwth-east, and went oflF at the south-west." 



Of St Hd7iws Fire, or the Corpus Sanctum. 

The small, shining meteors which are fre- 
quently observed to alight on the rigging of 
ships at sea^ and on elevated pointed bodies in- 
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laud, have been also reckoned amongst the 
meteors produced by electricity. These were 
known to the ancients by tlie names of Castor 
and Pollux; and by later writers they are called 
corpus sanctum^ comazantes, and St Helmo's 
fire. On the shores of the Mediterranean, from 
time immemorial, they have been accounted the 
precursors of a storm ; and it is from a confir- 
mation of this opinion of their nature, that a 
custom of very great antiquity is still kept up 
at the Chateau di Diurno in the Frioul, situa- 
ted on the sea-coast. There is erected on one 
of the bastions of that castle, a pike planted in 
a vertical position : whenever there is the ap- 
pearance of a storm, the sentinel who mounts 
guard holds the point of his halbeit to the iron 
head of the pike : if it sparkles when the hal- 
bert is presented to it, or throws off at the point 
a small luminous brush, a large bell is then 
sounded, to warn those labouring in the fieldjB^,' 
and the fishermen along the coast, ag-ainst the 
approaching storm. Caesar mentions having seen 
these meteors settle on the spears of his soldiers. 
Dampier says, he never saw them appear but 
they were succeeded by a high wind and heavy 
rain. M. Forbin gives an equally unfavourable 
prognosticate of the weather from their appear- 
ance. One night while he lay off the Barbary 
coast, it became suddenly very dark, with much 
thunder and lightning : the sails of his ship 
were furled, and more than thirty balls of St 
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Hclmo's fire were seen on different parts of the 
rigging. A sailor was ordered to the topmast 
to drive one of them off, lest it should do mis- 
chief : as he got near it, he said that it emitted 
a noise like that caused by firing moist gun- 
powder. 



Of Shooting or Falling Stars*. 

What are known by the name of falling stars 
evidently belong to this class of meteors, their 
effects having been ascertained to be similar to 
^those produced by lightning. The Marionites 
of Mar-Elias assured M. Volney, that one of 
those falling stars had alighted upon two mules 
belonging to their convent, which killed them, 
making a noise like the report of a pistol-shot, 
and, in every respect, it had produced all the 
effects of a thunderbolt. It seems also proba- 
ble, that the flame which is said to have been 
seen to play round the heads of some children 
is of an electrical nature. This was esteemed 
as a happy presage in the case of Ascanius : it 
Avas also the prelude to the good fortune of 
Servius TuUius, which introduced him to the 
regal authority at Rome. 
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Of the -Aurora Borea/is. 

No description of meteor has been more at- 
tended to of late years tlian the aurora borealis, 
or northern liglits. Some have supposed, that 
they have only appeared in modem times : but 
this opinion is controverted, by the relations of 
phenomena evidently the same, contained in the 
works of several of the earliest Greek and Ro- 
man authors ; and an account of these is conti- 
nued through the middle ages,, till the present 
sera. The ancient poets explained the appear- 
ance of the aurora borealis, by doctrines de- 
pending on mythological opinions ; this was ac- 
cordingly referred to the flight of Electra, one 
of the Pleiades, who, in despair for the sack of 
Troy, forsook her station in the heavens, and, 
relinquishing her place in the dance formed by 
. her sisters, went to bewail her sorrow in con- 
cealment behind the ursus major. Aristotle, 
Seneca, and Pliny, mention this meteor by the 
name of chasmata, trabes, belides, &c. This 
seems to have been frequently confounded by 
the ancients with comets : Seneca says, " Pla- 
cet ergo nostris, conmetas, sicut faces tubas, tra- 
besque et alia ostenta coeli denso aere creari ; 
ideo circa septentrionem frequentissime appa- 
rent, quia istic plurimum est aeris pigri :" in 
another place he says, '^ Sunt chasmata cuivi 
aliquando coeli discedit, et tlammam dehiscens 
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vclut in abdito ostentat, colores quoque horum 
omnium plurimi sunt, quideni ruboris accerrimi, 
quidem evanida, et levis flammae, quidem candi- 
dal lucis, quidem micante^, quidem equaliter, et 
sine eruptionibus aut radiis fulvi.'" But Aristo- 
tle liad long before defined them in the follow- 
ing words : " Apparent autem aliquando noctu, 
serenitate existente, consistentes multae imagi- 
nes in coelo, ut hiatus, fovea?, et sanguinei co- 
lores." The aurora borealis was likewise ima- 
gined to be peculiar to the northern hemisphere ; 
but Don Ulioa saw this appearance in Peru; 
Dr Foster likewise observed it in the 58** S. lat 
and M. Agelet within ten degrees of the line. 
This phenomenon is, however, more frequent in 
the higher latitudes of each hemisphere. There 
was a very bright aurora perceived in Cusco, 
13' S. lat. : it appeared on the 12th August 
1744, and caused much consternation both to 
natives and Spaniards, who looked upon it as a 
prognostication of the end of time ; and it was 
with much difficulty the governor, Marquis di 
Valle Umbrosa, could persuade the inhabitants 
that the meteor was merely the effect of natu- 
ral causes, and by no means a mark of divine 
displeasure. Indeed, this opinion of the Peru- 
vians seems to have very generally prevailed 
amongst the vulgar at all times, who have uni- 
formly regarded the appearance of the northern 
lights as the portentous harbinger of war, fa- 
mine, and pestilence ; nay, several sagacious au- 
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thors give a description of the form of the en- 
gagements, and the particular instruments of 
hostility, which, by the power 'of imagination, 
they saw depicted in these aerial appearances. 

The aurora borealis appears to be more fre- 
quent at some times than at others, and cannot 
be discerned even for a long series of years. It 
seems to have been extremely rare in Britain 
during the 17th century, though there was a 
very remarkable one seen in 1621, of which an 
account is given, by Gassendi, and which was 
apparent all over France and a great part of 
Germany; thei'e were also several others seeh 
on the continent, but none either so brilliant, - 
or so widely extended. When the northern 
lights were seen in Bologna in 1723, so very 
scarce had they been over that part of Italy, 
that in the description of them in the Memoirs 
of the Institute, it is. positively affirmed, that 
they had then been seen there for the first time. 
Cambden speaks of them as an unusual and ter- 
rifying prodigy : and they were so very rare in 
the days of the celebrated Halley, that he de- 
spaired at one time of ever seeing them ; but it 
is to the observations of that ingenious man, 
and to the writings of De Mairan on this sub- 
ject, that the most accurate account of this me- 
teor has been transmitted. The aurora borealis 
generally appears only when the atmosphere is 
perfectly calm, though Muschenbroeck observed 
them in 1728 and 1733, during veiy stormy 

Vol. I. Y 



338 OF Tll£ AU1U)11A bOREAtlS. 

weather : M. Mairan also, mentions a simifar 
circumstance* It commonly begins to be il- 
luminated early in the evening, and rareljj con- 
tinues longer tlian two or three hours past mid- 
night. Its colour varies, yet this is oftenest of 
a reddish white, changing to a deeper or lighter 
shade, and it not unfrequently shewi^a diversi- 
ty of colours like the rainbow. The proportion 
of light which the aurora borealis emits, must 
depend greatly on the clearness of the air ; but 
even during its greatest illumination, the' stars 
are never obscured. Its light is, however, said 
to equal that of the moon within the polar cir- 
cle. On the 20th August 1708, the Bishop of 
Hereford observed one of these appearances in 
the vicinity of London; it was very splendid: 
and Cornelius Bruyn, returning from Archangel, 
in the same year, near 75° N.lat. saw, on the 15th 
September, a light in the atmosphere, which, 
though not of long continuance, its rays were 
so luminous as to enable him to read without a 
candle. ' 

The northern lights usually appear from 
the time of the autumnal equinox, till the cor- 
responding period in spring. Their figure is 
somewhat like the form of an arch, with a 
darker spot or cloud toward the north, from 
whence the illuminating radii issue ; and, as 
described by Gregory of Tours, it resembles the 
cowl of a monk's cloak. This cloud gradually 
brightens up, till the whole meteor disappears. 
It has been generally allowed, that the corrus- 
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cations of the northern lights are accompanied 
by a peculiar noise, resembling the rustling of 
silk, but louder. The Abb6 Conti, who was in 
London in 17 16, at which time the aurora bo- 
realis apjjcared there very distinct and vivid, 
makes particular mention of the noise produced 
by the peculiar dartings of the radii, and asserts 
positively, that this detonation (detonazioni delV 
aurora) was not occasioned by any agitation in 
the atmosphere itself, nor by the murmurs of 
the spectators, though it appeared so low, that 
they were afraid it would have fallen upon 
their heads. The aurora b6realis generally 
stretches from north-east to north-west, a»nd id 
much fainter in the former quarter ; in its ap- 
pearance it resembles electrical hght when seen 
in a vacuum. This meteor always commences 
as a mist on the northern part of the horizon, 
which is then clearer toward the west. This 
thickness in the air, commonly arranges itself 
in the form of the segment of a circk; the point 
of its circumference that is visible, soon acquires 
a border of a whitish Hght, which gradually in- 
creases, and from whence proceeds one or seve- 
ral luminous arches. At this period the dart- 
ings of the coloured rays commence, some from 
the segment of the circle, and others from the 
arch itself; by their motion, the space they 
leave always seems open : and these appearances 
increase in motion and vividness of colour, with 
a proportionate augmentation of the whole me- 
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teor. The various corniscations cause an ap-* 
pearance of great contusion, and it occasionally 
seems to vanish in part, speedily re-appearing 
with increased splendour. When the segment 
of the aurora becomes full}' illuminated, and the 
arch in its most vivid state, the meteor may 
then be considered in its greatest beauty. The 
segment at this period, is compared to the pa- 
vilion of a tent, to which it is supposed the en- 
tire meteor bears a resemblance, as it is at this 
particular spot where tlie rays unite as into a 
focus. After this period, the phenomenon ap- 
pears to be less vivid, its colours becoming gra- 
dually more faint, but with occasional renova- 
tion of its daitings, and of the tremulous mo- 
tion of its rays ; all the appearances are some- 
times renewed with great brightness, but of 
very short continuance, and never remain so 
long, nor is the colour so vivid as during its in- 
crease^ After midnight, it soons begins to con- 
tractitself in the meridional and eastern quarters, 
and it likewise becomes fainter in the portion 
of it which stretches to the west ; it then seems 
to fill only the place originally occupied by the 
segment, which still remains longer on the ho- 
jizon, of a pretty bright colour, diminishing 
sometimes very rapidly ; at other times it vanish- 
es in a very slow and gradual manner. In this 
manner the aurora borealis returns for several 
successive nights, with occasional interruptions: 
it frequently remains for several weeks, and it 
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; 

has been known to appear in Iceland for fifty 
succeeding evenings. 

There was a very remarkable aurora seen, 
19th October 1726:, it commenced as a smoke 
in the north : a little while afterwards several it- 
kiminated beams were perceived to issue from 
it ; the meteor soon appeared, like a superbly 
ilkiminated dome, and the whole horizon seem- 
ed lighted up by the vibrations of its luminous 
fays ; these corruseations darted from the west 
to the south ; in the foi-mer point it was most 
bright, and in that quarter too it seamed of a 
blood-red colour, which, as the night advanced, 
became violet. Toward the south there was dis- 
cerned sev^eral white luminous clouds of a red- 
dish tinge, stretching toward the zenith. The 
crown or dome changed its figure several times, 
and the stars were perceived very distinctly 
through it. About half an hour past midnight, 
the meteor appearing tranquil, and the sky pret- 
ty free of clouds, and of a dark blue colour; 
there darted from an opening in tlie segment, 
toward the east, an high coloured ray of a fiery 
appearance, greenish on its border; and in less 
than a minute, it communicated its light up to 
the zenith, illuminating the whole sky, as far as 
the south, and brought back, as it were, the lu- 
minous undulations, which lasted about five 
minutes, the usual appearances being thereby 
renewed ; after this the aurora became less vi- 
vid, but remained even in a certain degree till 
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day-break. This aurora was seen at Rome, Ma- 
drid, Cadiz, Muscow, Paris, and generally all 
over Europe. 

There was another of these meteors, equally 
brilliant, and in every respect like the Former, 
seen at Upsal, February 4. 1 759. But perhaps 
the most remarkable meteor of this description 
Avas seen on the 18th January 1770. It was 
obseried at Vienne, a quarter of an hour before 
eight o'clock, and in an instant it filled the at- 
mosphere with a most brilliant light, and seem- 
ed as if divided into two parts, the strongest 
coloured was in the north-west ; its colour be- 
came more dull for a moment, and was imme- 
diately replaced by a whitish light, turning gra- 
dually to a red colour, it remained so for the 
whole night. At first it only occupied a por- 
tion of tl:^ horizon ; hut in a short time it bc- 
can^e as Hght as it is during firil moon. There 
was not heard any noise in consequence of its 
motions, which do not seem to have been re-: 
markable. As it went off, there fell a great 
quantity of snow, and the tliermometer sunk 
six below zero. It was discerned in Burgundy 
between nine and ten o'clock, during a heavy 
fall of snow ; it was also seen at Rome ; but it 
did not produce any vibrations at that place : 
at Genoa and Cadiz, its undulatory motion was 
very great ; at the last-mentioned city, it ap- 
peared about sun-set ; and it illuminated the ho- 
rizon over it till a little past midnight. These 
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seem to have been the most brilliant of the 
northern lights which- appeared during last cen- 
tury. There were many others observed, but 
none so remarkable. 

The auroras boreaies are said to be pretty 
constant in Greenland, and over the neighbour*- 
ing frozen ocean, and are most remarkable 
about full moon. In those latitudes, they seem 
to come from the noFth, and stretch towards 
the zenith in form of a pike or palisade. It 
darts from place to place, and» leaves the space 
it had occupied as if filled with mist. But, 
though most frequent in the higher northern 
latitudes, it is not always visible in Iceland. 
Torfeus says, thai when the aurorae boreaies ap- 
peared there during the middle of last century*, 
the inhabitants were dismayed and affrighted 
at the appearance of them, as being uncommon 
an^l awful. In Sweden, tlie peculiar noise cau- 
sed by the dartings of the radii, is distinctty 
lieard after every tremulous corruscation ; and 
those who frequent the coast of Gi^enland du- 
ring the fishing season aflSrm the same thing a$ 
occtirring there. Gmelin pointedly remarks 
the peculiar noise of this meteor, as it appeared 
in Siberia; aikl we have seen, that the same 
thing occurred very remarkably in one that 
was observed at London. 

Diodorus Siculus mentions the appearance of 
a phenomenon much resembling the aurora bo- 
realis, which was observed occasionallv on the 
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summit of IVIount Ida, and was most frequent- 
ly seen towards the end of autumn. It was the 
vulgar opinion, that the sun appeared there du- 
ring night. It is extremely probable, tliat some 
circumstances occasioned by the vicinity of the 
Alps cause the frequent appearance of the auro- 
rsB in Lombardy ; nevertheless, they are there 
generally more obscure, neither-are their vibra- 
tions so quick as iji other situations. It may 
also be reasonably inferred, that similar causes 
operate in the territories adjoining the Andes, 
and thereby occasion the appearance of this 
meteor in south latitudes near to the equator; 
and probably they occur most frequently in 
every country in the vicinity of its mountainous 
districts. 

To ascertain the- region of the atmosphere, 
and the height at which the aurora borealis apr 
pears, has engaged the attention of many cele- 
brated philosophers, M- de Mairan supposed, 
that the aurora which appeared in 1 730. was 
elevated 70 leagues above the surface of the 
earth : by the calculation of Mr Crammer, it 
was imagined to appear in a region 160 leagues 
higher than tlie earth's surface : and the aurora 
which was seen in 1726 has been estiniated to 
exist in a region of the atmosphere at, ap eleva- 
tion of 216 leagues. But these are all inferior 
to the calculation of Father Boscovich, who 
imagined, that the aurora 1737 was at leasf 
825 miles above the earth ; and the celebrated 
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Euler supposed this meteor inoved in a region 
several tliousand miles high. But it may be 6b- 
served of these calculations in general, that 
they seem rather the result qf over-refined spe- 
culation, than as formed oh any true and per- 
manent data, and may perhaps be regarded as a 
very gross instance of misapplied science. There 
is certainly no proof that the atmosphere reach- 
es so high ; neither is it reasonable to suppose, 
that the excessive rarefaction of the air at such 
immense heights, would be favourable to the 
existence of such phenomena in that region ; 
nor would it be consistent with some of the 
most probable opinions that have been advan- 
ced respecting the cause of this meteor, without 
we admit the opinion of La Cepede on this sub- 
ject, who supposed the aurora? boreales to be 
electric meteors, flashing beyond the limits of 
the atmosphere. Again, if the hejght at which 
these meteors generally appear be so greatly ele- 
vated above the earth, there- seems to be no 
reason why they should not be visible more 
universally, and oftener towards the equator ; 
nevertheless, the extent of the distance at 
which they become visible in common is very 
much circumscribed ; and there are innumera- 
ble instances of a distinctly marked aurora not 
having been discernible at different places near 
to eaA other, although, at the same time, the 
temperature and serenity of the atmosphere was 
yqiformly the same in both. Those aurorae that 
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were observed in Denmark and at Berlin could 
not be discerned at Breslaw. The auroras that 
were visible at Toulouse, towards the end of sum- 
mer 1 730, were nqf seen at Paris ; and, on the 
contrary, an aurora that was seen at Paris, in the 
beginning of summer in the same year, was not 
apparent at Toulouse, But even very bright 
aurorae have not been visible in places only 
twenty miles distant. In 1719, an aurora was 
discerned at Vincennes on the 2£d of February, 
at Montauban on the 25 th March, and at Paris 
on the 30th of the same month ; but ia each of 
these instances its appearance vntied as 'to time^ 
though these situations are at no great distance 
from each other. According to Pere Cotte, the 
aurora of 1769> on January 5r was observed on 
the same day at Paris and P^nsy Ivania, and that 
one which appeared on the 17th September 
1770 was seen at the same time at Paris and 
Pekin : but perhaps there is not another iur 
stance of this meteor having been discerned at 
the same time in places so distant ; and, as tlie 
same aiuthor very candidly observes, it varies 
often even in places adjoining : besides, in these 
two kst-mentioned instances, it is impossible 
that the $kme appearances should take place at 
the same time in the atmosphere over j^taees si^ 
tuated at such an immense distance^ in opposite 
quarters of the globe ; we rather imagine, that 
it shows a general disposition in the atmcHSphere 
to generate the same kind of meteor every 
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where. In the month of October 1804, there, 
were frequent aurorse seen in the county of 
Aberdeen, though any streamers that were visi- 
ble at Edinburgh, or even much nearer to the 
confines of the above-mentioned county, were 
extremely faint, and by no means corresponding 
in point of time. 

The following is an extract from a letter, gi- 
ving a description of an aurora which was seen 
in Aberdeenshire at that time ; and as it comes 
from a person very accurate in bis observations, : 
and unprejudiced by any opinion, on the sub- 
ject, his communication is therefore more va- 
luable. The letter is dated October 13. 1804. 
*^ It was about six o'clock of the evening of 
the 12th instant, the moon having just comple- 
ted her 9th day, the sky being cloudless, when 
I perceived some symptoms of the approaching 
radiance that was soon to deluge the sky with 
a flood of brightness : for some time, I Avas a- 
niused with tlie fantastic forms assun>ed by the 
faint flashes of the light. By degrees, they 
grew more vivid, and darted out in all direc^ 
rections: sometimes an immense body of light 
illuminated the whole northern division of the 
sky J immediately this disappeared, and another 
equally bright audi equally extensive succeed- 
ed : sometimes the light seemed to be in one 
undivided stream ; in an instant it vanished in- 
to innumerable rays of wonderful fineness, thin- 
}icv than hairs ; you Avould have thought these 
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minute rays again united into larger beams, dis- 
tinct from each other, but apparently uniform in 
their surface, and so condensed, that the small- 
er divisions were hn perceptible; at last almost 
the whole horizon was overspread with light : 
soon after this, the appearances became grander 
than even imagination can paint : the light 
burst out in all directions with inconceivable ra- 
pidity, and in an infinite variety of forms ; at 
one spot, almost directly vertical to where I 
stood, the light appeared in all the colours of 
the rainbow : I could distinctly and clearly 
observe red, purple, blue, green, yellow and 
orange, some of them very bright, others some- 
what fainter. It was almost awful, the blaze 
was so universal, and shot so rapidly athwart 
the whole plain of ether. The moon now be-r 
gan to descend in a purple vapour, and, imme- 
diately before she disappeared, the flame swept 
over the whole sky with renewed splendour. 
After I lost sight of the moon, which was about 
half past ten o'clock, the luminous appearances 
became less grand and less extensive, but they 
\yere by no means extinguished. I am ; sure of 
this fine sight having lasted at least seven hours. 
I watched till two o'clock; when I went into 
tlie house, I found my hat and great coat white 
with hoarfrost ; the fields were overspread with 
hoarfrost next morning ; and the trees were al- 
most universally stripped of their leaves. On 
the e\-ening of that day, it began tq thaw ; and 
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about seven o'clock it began to rain violently. 
Before midnight it was a perfect hurricane." 

The appearances which attended this meteor, 
the vertical situation of its illuminating radii, to- 
gether with the moist state of the atmosphere^ 
and the subsequent storm, tend to prove, that 
in this instance at least the aurora has depended 
on local causes, and by no means reached to an 
extraordinary height in the air. 

M. Miraldi relates, that he saw an aurora 
*' between two strata of clouds, the first stratum 
more elevated, which obscured the skv, and 
which the aurora illuminated; the other stra- 
tum below was not so extensive :" And he con- 
cludes, that " the matter of which the pheno- 
menon is formed, is not so highly elevated in 
the atmosphere ; that there are clouds still 
higher than it ; and the knowledge of this fact 
must be of importance in explaining its nature." 
This observation of Miraldi has been confi lined 
in this country ; and likewise those which Mus- 
chenbroeck saw in 1728 and 1733 were situa- 
ted amongst the clouds, and very near to the 
earth. If the boreal regions be the only source 
of this meteor, it appears rather difficult to bring 
forward any feasible reason to explain why the 
northern lights, which Avere so universally ap- 
parent in 1770, should be discernible several 
hours earlier in the western part of Europe 
than in places more to the northward ; and 
Avere this meteor so highly elevated in the atmo- 
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sphere as has been imagined, it is impossible to 
conceive how any sound could be heard from 
that height, \v ithout a most forcible concussion 
of the air ; nor could the refraction of the co- 
loured rays, which this meteor frequently evolves, 
be perceived at the earth's surface : indeed, 
to produce these effects, 'the aurora must be on- 
ly at a very short way above the spectator. A- 
gain, it is not necessary that the atmosphere 
should be illuminated at a great height, to cause 
it be visible at a considerable distance ; it is 
known, that the open fires employed in iron- 
\yorks, and other manufactories, illumine a space 
in the air, that can be discerned fifty and even 
eighty miles distant ; but this is only observed 
to take place when the lower part of the atmo- 
sphere is loaded with vapour. Mr Boyle was 
likewise informed by a correspondent, that in 
the course of a journey over the Alps, he fre- 
quently saw a flashing of light through tlif 
different strata of clouds as he passed. them du- 
ring night ; and in a note to Colonel Cappers 
treatise on winds, he observes, that in the month 
of April and May, forty or fifty miles inland, 
and even on the coast of Coromandel itself, al- 
most every evening incessant flashes of lightning 
were perceived at a great distance westward 
over the Balliagat mountains. It is likewise to 
be observed, that the aurorys are most prevalent 
^in that season of the year when the lower air is 
most impregnated with vesicular vapour. 
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. The cause of thlb aurora borealis has not yet 
been determined with any tolerable degree of 
cei't;ainty. Many opinions have been brought 
forward on the subject ; but all of them seem 
liable to unanswerable objections. At present, 
electricity is regarded most generally as being 
the cause of this phenomenon ; though the ef- 
fects of magnetism in this respect are also sup- 
ported by philosophers of the most respectable 
talents. M. de Mairan has likewise attempted 
to explain the appearance of the meteor in ques- 
tion, as depending on certain conditions of the 
Sim's atmosphere, or, as he calls it, the zddiacal 
lights ; but the immense distance between this 
globe and the sun, renders it extremely impro- 
bable that there ever takes place an intermix- 
ture of the atmosphere of these planets ; or, 
even allowing that an intermixtui-e does some- 
times occur, how does this theory reconcile the 
appearance of the northern lights, with that 
season of the year when the northern hemi- 
sphere is most declined from the sun? The 
cause of this meteor has also been assigned to 
the combustion of hydrogen gas in the atmo- 
sphere, and to the inflammation of other com- 
bustible matters ; but the existence of any such 
matters, in sufficient abundance to produce all 
the phenomena of the aurora borealis, remains 
to be proved. Besides, the light emitted by 
this meteor is totallv different from that given 
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out by any of these substinces in a state of 
combustion. 

Dr Halley, and more lately Mr Dalton, have 
brought forward many ingenious arguments to 
show that the aurora depends on the quan- 
tity of magnetic fluid existing in the atmo- 
sphere ; the polarity of magnets having been 
observed to be disturbed during the appearance 
of that meteor. But Pere Cotte denies that this 
occurrence uniformly takes place on such oc- 
casions ; and as the same circumstance is per- 
ceived to happen when the atmosphere is in a 
positive state of electricity, the theory itself 
therefore becomes in the highest degree ques- 
tionable. Mr Dalton has collected the most 
extensive series of observations respecting the 
appearance of the aurorae at diiferent periods of 
the moon's age : the following is accordingly 
a table of the result ; 



Days past change 
and full. 


Number of obser- 
vations. 


Days past change 
and fulL 


Number of obser- 
vations. 
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It has not yet been determined in what man- 
ner electricity produces this phenomenon. Bec- 
caria having perccivetl, that electricity gives 
polarity to magnets, and as M. Bergman after- 
wards found, that a magnetic needle was dis- 
turbed during an high aurora borealis, it has 
been concluded, that this meteor is merely occa- 
sioned by the circulation of the electric fluid 
through tlie atmospltere ; but as the aurora;, 
\nhcnc\'cr they have been observed, always shoot 
in a direction from the poles to the zenith, it 
affords a strong presumption against the cor- 
rectness of this opinion; for, if the circulation 

I of the electric fluid takes place in the manner 
Beccaria supposes, we should in that case rather 

I expect to sec tlie aurora; darting in a direction 
from the equator towards the poles. Mr Canton, 
who also avg-ues for the electrical origin of the 
northern lights, puts the following question : 
" May not air suddenly rarefied, give electric fire 
to, and may not air suddenly condensed, receive 
electric fire from, clouds and vapours passing 
tlirough it f" and, " Is not the aurora borealis 
the flashing of electric fire from positive towards 
negative clouds, at a great distance through the, 
upper part of the atmosphere, where the resis- 

' lance is least?" But it seems more probable, 
that a circulation of the electric fluid in this 
way, must rather tend to produce thunder than 
any other meteor. Tliis ingenious philosopher 

Kikcwise attempted to show, that the atmo- 
OL. I. Z 
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sphere contains but little electricity during the 
appearance of the northern lights ; and it i^ 
certainly very much to be desired, that those 
who support this theory would point out the 
precise state of the atmosphere in regard to this 
flujd during the existence of the aurora borealis ; 
different observers having found it in various 
states of .electricity at these periods. 

Were Mr Canton's questions to be answered in 
the affirmative, the aurorae should be observed 
to dart out in all directions ; neither would 
this phenomenon be limited to particular lati- 
tudes and places : they should be also more 
common in summer than in winter. But, after 
all, the greatest proof of the identity of the aurorse 
and electricity, is from the similarity of the e- 
lectrical light in penetrating a vacuum, to the 
appearance of the streamers, as they shoot 
through tlie aerial expanse. Electricity is said 
to be most abundant in tlie atmosphere during 
those nights when the aurorae are most vivid ; 
but Pere Cotte could not ascertain this to be the 
case at Montmorenci, although he gave every 
attention to the subject. But although it were 
uniformly so, the fact would not be at all con- 
clusive in regard to the theory ; electricity be- 
ing perceived to abound in the atmosphere, 
when no such appearance takes place. But if 
the cause of the aurora borealis were owing to 
the abundance of electricity in the higher regions 
of the atmosphere being more copious near the 
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poles, and imagined to flow towards the equa- 
tor, for the purpose of supplying the supposed 
waste of tliat fluid within the tropics; they 
should in that case be discernible every where 
in the intermediate space ; they would then 
constantly appear during cold weather ; and be 
at all times visible at night on the top of every 
high mountain. 

From the relations of voyages to the frozen 
sea, it seems to be uniformly observed, that the 
large masses of ice found there have the pro- 
perty of reflecting a bluish colour, in like man- 
ner as the snow. Frederic Mortens says, that 
in the neighbourlmod of Spitzbergen, wlien the 
sun begins to throw out a very faint light, the 
snow over the tops of the mountains, which are 
in HO" K. lat. appear extremely luminous, and 
the points of ice on the rocks look as if on 
fire.- Tlie light thus emitted, dazzles the eyes 
of the spectators. Likewise, along the coasts' 
of that sea, there is a shining white light in the 
atmosphere, immediately over that part of the 
ocean where it freezes ; but beyond that limit, 
the air shows a very dark blue. Tlic former 
space has circles in it like rainbows ; and halos' 
of the sun and moon are more frequently obser- 
ved there, which are supposed to be occasioned 
by the reflection of light from the frozen parti- 
cles with which the atmosphere abounds. Ixtrd 
Mulgrave observed this appearance, and found, 
that a biightness near the horizon always indi- 
Z2 
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cated the apprc^ph of ice ; this is weil knowa 
to everj^ pnp who h^s p^vfgated those seas, 
and is Cf^lkjcJ by the sailors ' the Ice Bliok- 
There are loaqy eircumsraijces connected with 
the existenpe of electricity in vapopr, that p^u^t 
be (^/[^tenuiupd before a fvth explanation ^f any 
ejectrjcal pheuoinena occurring in the ppefi air 
can be satisfactorily accounted for. Tliis fluid 
is more readily excit:ed frpfla every ii>atter du- 
ring an intense frost, thaj> ;alt; ^py ofher scj^on. 
Its excitement frorp, tjiie ^tiiip^phej^ is pr<c?b^}y 
owing to the change wl)ich vapour iindergqes 
in respect to its pow^r of conducting >tliie elec- 
tlfic fluid ;. ice being a woi^sf? ppnductor pf e- 
lectricity tjmn.any pthe^- qoi^di t^pn of wat^r^ • 

The ii^habitants of .high northern cUn^^tes 
observe, that the mxQfd, i^ strongejst ,vhpn ^ 
sudden tliaw succeeds severe coJd weather. 
At a teniperatmie below 32S air will Jiieref^e 
apparently contain nior^ electricity thgn ii^ ^ny 
other state, and ©f which it will be reftdjly de- 
prived^ on jany remArkabie ch;ange taking place 
in its temperature, or upon the occurrence of 
any conducting medium, ja^ vapour. Perhaps 
in this ^vay electricity nxay act a very powerjpul 
part in occasioning the ^ppeiarance of tlie north- 
ern lights during a thaw, as formerly men- 
tioned. 

The Abb^ Hell, astronomer royal to tl\e im- 
perial court of Germany, supposes, that the 
aurora borealis is of ^a similar nature with mock 
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mnsy lialos, &c. and that they are occasioned 
by the congealed vapouts in the atmosphere 
sometimes reflecting the light of the sun, some- 
times that of the moon, and occasionally both 
at one time. These conclusions were inferred 
from observations made on th^ nature of the 
nortliem lights, when he remained in Norway 
expecting a transit of Venus. 

Whatever may be the immediate cause of the 
aurora borealis, it seems evidently connected 
with the condensation of vapour from the ain 
During their appearance, there always fakes 
place a copious precipitation of dew, or l^oar- 
frost. The aurorse are seldom apparent durittg 
hot weather oi^ in tropical countries, except iii 
tlie vicinity of mountains ; probably because in 
the former circumstances the vapour contained 
in the atmosphere is usually in its ftiost elastic 
state, and its lower strata comparatively more 
dry. For it has been observed, that this meteof 
is most distinct and frequent in tli^se latitudes 
wherein the vesicular vapouf hangs near to the 
earth's surface, and when its devaporation and 
precipitation gradually take place ; being most 
prevalent in autumn, and in the early part of 
the evening, when the de\V falls more plentiful- 
ly than at any othfer season of the year, or time 
of the night According to observation*, Pere 
Cotte found the aurora borealis appear more fre- 
quently in March, April, September, and Octo- 
ber. By tliese circumstances) together with 

Z 3 
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what has been already remarked respecting the 
iridescent colours, and sound emitted by the 
northern lights, it is rendered probable, that 
their situation is but a little way elevated above 
the surface of the earth. 

The aurorae boreales have been observed most 
frequently to occur about the season of bad 
weather, and have therefore been supposed to 
prognosticate rain and high winds. Mr Winn 
ascertained, that in 23 instances, he never miss- 
ed to find a hard gale from the south or south* 
east : he made the^e observations in the English 
Channel. When the auroras are very luminous, 
the gale may be expected within 24 hours, and 
of short duration. If the colour of the aurora 
be ^\x\\ Of dark yellow, the gale will be longer 
in coming on, less violent, but of longer conti- 
nuance. Indeed, it would seem, that almost 
every luminous meteor appears as the harbinger 
of bad weather. If the opinion that has been 
advanced, respecting the dependence of th? 
northern lights on the existence of vesicular 
vapour in the atmosphere, be confirmed^ an uur 
usually moist state of the air may therefore be 
always presumed from their appearance, and, 
consequently, changes of weather correspond* 
ing to this condition may be expected. 

It jis the opinion of Abb6 Hell, that every 
aurora borealis is succeeded by unusually cold 
and rainy weather, which comes on ^always ai 
bout forty days after its appearance. In the 
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course of ten years, Per6 Cotte found, after 
eighty-six aurorae, that forty of them were fol- 
lowed by cold, rainy, and windy weather, from 
five to six weeks after ; but there was nothing 
determinate succeeded the other forty-six : 
therefore, he says,' the Abba's opinion is in this 
instance doubtful. At the same time, though 
general observation in Britain, respecting the 
prognostication by the aurora borealis, be ra- 
ther in accord with those of Mr Winn, never- 
theless, a succession for several nights of the 
most vivid aurorae, early in autumn' 1805, not 
far from the foot of tlie Grampian mountains, 
preceded an unusually dry mild season. Mr 
Dalton found, that the aurorae boreales are more 
frequently followed by fair weather in summer, 
than in winter : the distinction, though not 
considerable, inclines him to legard this jneteor 
as a sign of fair weather. 



SECT. V. 

OF PHOSPHORESCENT MEJEORS. 

Of the Ignis FatuuSn 

The only phosphorescent meteor which is ge- 
nerally known, is called the ignis fatuus^ Will 
with a Wisp, or Feux Folets by the French : it is 

Z4 
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understood to be occasioned by the combustiotf 
of hydrogenatcd phosphoric gas, and is imagi- 
ned to be unconnected with the causes prodn- 
ciwg other luminous meteors. It appears most 
commonly iti still warm evenings, and in the vici- 
nity of Aiarshes : it is therefore said to be fre- 
quent in the fenhy counties of England : afwl 
there are diiitricti& in every climate, where its ap- 
pearance is mosft comrhon. Several of them are 
usually seen at a time j and their appearance is 
that of a small pale-coloured flame issuing from 
the soil. The late Dr Ddrwin, who had fre- 
quently occasion to be abroad in the country in 
the evenings at every season of the year, never 
had the luck to meet with this meteor : the 
same remark lias been made by others, whose 
opportunities of observation were perhaps equal- 
ly good ; nevertheless, the existence of it in this 
country is established by repeated observations. 
In Palestine, the ignis fatuus is said to occur as a 
shining star on the ground. Richard mentions 
an instance where a person got quite near to one 
of these lights ; he saw it distinctly burning 
with a lambent blue flame, and it produced a 
peculiar noise, something like the burning of 
charcoal. In the plain country around Bolog- 
na, it is frequently seen during winter ; and in 
the same season in Spain it frequently darts up 
eVen through the snow, — a circumstance which 
has been supposed to prove that they are com- 
pounded of other matters than those we have men- 
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tioned. This meteor has been said to move on be- 
fore traTellers, and thus lead them into perilous 
slituations ; at oth^r times, it has appeared ta 
follow them: it frequently iseems also to be- 
come s^uddeiily extinguished, and immediately 
to rekindle ; these appearances are entirely oc- 
^^fesioned by the great fluidity of the atmosphere, 
whereby it is put into motion by the slightest 
i^pttlse. It may also become suddenly extinct 
by the exhaustion of the matter with which it 
is supplied, and reluminated by the' calmness of 
the weather allowing it dgain to collect. 

Tpe cairse jof the igrti^ fatum has been suppo- 
^d to a^ise, m the first place, from the deeom- 
{)lodition' of water in the soil, whereby a quanti- 
ty €ff hydrogen gas is disengaged ; this gas ha- 
T*hlg the property jcrf ' dissolving phosphorus, a 
flatter which abounds in the decaying reniains 
of animals and vegetables. These substance* 
being foimd in abundance in places where this 
meteor is frequent, it has therefore been conjec- 
tured, that the phosphorus, being in solution 
with the hydrogeih gas, takes fire on its imme- 
diate communication with the air. 

The following narrative by Richard, giving 
the account of an appearance probably depend- 
ing on a cause similar to the above, may serve 
to illustrate the doctrine entertained respecting 
this species of meteor. 

On the morning of the 26th July 1757, a 
master mason, with two workmen, went to the 
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house of a gentleman at Paris, for the purpose 
of repairing the outlet of the privy, which had 
become choaked. On lifting a stone, which 
exactly shut up the gutter, they immediately 
perceived a blue vapour issuing from it: the 
light which the workmen had with them was 
placed at the distance of at least five feet from 
the opening ; they were unable to discern any 
thing within the gutter, on account of an acrid 
vapour which filled the whole space, and rose 
even above ^ts level ; they then took a bit of 
, burning paper to enable them to examine what 
was wrong, and threw into the place ; this set 
fire to the vapour, and there immediately issued 
a flame of such force, that it burst open a trap 
door opposite to where the masons had made 
the opening, and darted to the height of eigh* 
teen feet within the court : it continued for the 
space of half an hour, sometimes becoming less 
strong, at other times renewing the conflagra- 
tion with redoubled energy ; the flame was. of 
a blue colour, and it produced a noise like that 
of charcoal burning in a smith's forge. 
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SECT. VI. 

OF STONES FALLEN FROM THE ATMOSPHfBE^ 
CALLED METEORIC OR THUNDER-STONES, 

From the £arliest records of philosophical 
dbservation, mention is made of certain stones 
having been seep to fall from the atmosphere. 
These are generally known by the name of 
thunder-stones, and have at different times 
been supposed to possess many specific virtues 
in the cure of diseases, and for the prevention 
of general calamities. This opinion is not con- 
fined within a limited circle, nor peculiar to the 
inhabitants of Europe; those of China, atid the 
native Americans, having been found to enter- 
tain similar ideas. 

It was not, however, till lately, that the en- 
lightened part of mankind were agreed respect- 
ing the real nature of these stones, many having 
persisted, that their supposed descent from the 
atmosphere must be esteemed as a deception or 
mistake, and that they differ in no respect 
from other stones that are common every 
where. But the great progress in the improve- 
ment of every branch of chemical scienxre has 
likewise tended to elucidate the properties of 
these matters, and has assisted in settling every 
dispute respecting their origin. 
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Wherever these stones have been discovered, 
they show unequivocal marks of having been 
exposed to a very powerful degree of heat. By 
examining tlietn, they are found to correspond 
in their properties, both as a component mass, 
and in their individual principles. In many par- 
ticulars, they differ from every other stony sub- 
stance. There are numerous well-authenticated 
instances of their fall from the atmosphere, af- 
firmed by such proofs, that there docs not re- 
main a doubt of the fact. Their fall is always 
accompanied with a loud whizzing noise in the 
air, and a storm of lightning ^nd thurtder. 
Stones from the weight of an ounce or two to 
that of several tons have fallen in this mariner. 

• 

It has been likewise said, that the arrow-heads 
• of the Canadian Americans are fdnned of a 
stone that has had a similar origin, and that 
they have been reduced into a particular shape, 
b}' grinding tlie one against the other. Other 
matters have likewise been known to fall from 
the atmosphere upon the earth, as iron, chalk, 
ashes, &c. 

Klaproth has shown, that native iron never 
contains nickel ; and, as this riietal is found 
in the large masses of iron that Imve bfeen 
found in Siberia and in America, it is therefore 
generally supposed, that they must have also 
originated in this way. This opinion is ren- 
dered still more ' probable, by other authentic 
instances, where small masses of iron have been 
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seeA iactually falling from the attnpsphere^ 
St;oM^9 of this de^scription are found to be e:^- 
C5^is§ively bard; and Abb6 Richaid seems tQ 
think, that there }s eyidence that they w^r^ 
^mploy^d, before the discovery of iron, fo^- 
piftny purposes for whi^h .this niet^l is now 
used. These «toi>p$ have bee^i always found of 
a peculiar sh^pe, being somewliat oblong, li^ 
tjie iSLct of, fallings they are always observed ex- 
ce^^j^iyely hpt j. aqd in their descent through th§ 
air, they, hay^ ^11 the iappeafi^n<:^s qf a fire-ball^ 
^qd emit a strong. sujpj>ury 3meJ:l^: When bipy 
l^en, they are not uniform in tjipir .^ojuppsition.^ 
|:^eiirsubstantce being made up of |ij|Btallic grains^ 
a greyish earth^Hke matter^ a-portioji of pyrite^ 
)yitb spm^ :^ubstences of a.3pheroi4ical forro^ 
9jwiue in fbeii; ool^ z^ndrtiiey f^bly emit 
jparks when strucjc: by steel, ; These stony 
sui^stances 4iave ;b^n repea^dly analyzed bjf 
the most accurate experimeiitalis|^? of the pr^?; 
sent day ; and ;n their conipositipn, they Jiave 
been found to differ from every other matter, 
'piey uniforfp^y contain siliceous earth, magne- 
f^a, oxidfe.of iron, nickel, sulphur, lime; and 
chromium has been detected in those which 
fell a few ye^rs ago in France : but these maf- 
terfi are not combined in the same proportioi) 
in every instance. Their external colour is^ 
usually dark brown, or black. 

This meteor is not particularly mentioned by 
Aristotle ; but Livy and Pliny also give an ac- 
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count of two different instances of such an^c- 
currence ; and the following quotation from an 
author of equal credit to either of them, and 
who was probably an eye-witness of what be 
relates, will serve to show how early this ipeteor 
w^as observed : " Per id tempus fere Caesaris 
exercitui, res accidit incredibilis auditu, namque 
virgiliarum signo confecto, circiter vigilia se- 
cunda noctis, nimbus cum saxea grandinc subi* 
to est exortus ingens/' Indeed, in every coun- 
try, there art eithei* traditionary or written re- 
cords of such a phenomenon. Parens relates a 
similar fact to that mentioned by Hirtius, and 
which must have happened about the period in 
which he lived. " Sugoliae ad Huiigarise fines, 
saxum e coelo cum • ingcnte frigore lapsuni est 
7mo die Scptembris 1514, p<5rid^ris ducentaruna: 
quinquaginta librarum : id cives ingente catena 
ferrca trajectuhi ex medio civitaJtis temple pen- 
dere voluetunt, vMtoribusque per regionem su* 
am divitibiis magni miracoli loco monstrari/*-^ 
Parens, De Monst. Coelest. 

In 1510, there fell in the Milanese, in a 
valley near the Idda, about two hundred 
stones, of an iron colour, with a strong sulphu- 
reous smell, and possessed of an extraordinary 
degree of hardness. It was presumed at the 
time, that these stones must have been ejected 
from some volcanic crater, which had afterguards 
immediately closed. 
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In the church of Ensisheim, in Alsace, there 
is preserved a large blackish-coloured round 
stone, which bears evident marks of liaving 
been in the fire, and to have split in its circum* 
ference into many bits. It is recorded, that this 
stone fell from the sky on the 7th November 
1492, and weighs near three hundred pounds. 

Gassendi relates, that about ten o'clock in 
the morning, 27th November 1637, the air be- 
ing very calm, their fell upon Mount Vaisien, 
between the towns Gijilaume and De Peine in 
Provence, a stone, seemingly on fire, surround- 
ed with a luminous circle of different colours, 
which made it appear of about four feet diame- 
ter. It passed within a hundred paces of two 
men, who judged its height in the atmosphere 
to be about six toises. It caused a loud hissing 
sound in descending, and fell to the ground at 
a little distance from them, giving out a strong 
odour of burning sulphur ; a great smoke arose 
from it when it had alighted, accompanied 
with explosions like the discharge of musketry. 
Several people were thereby attracted to the 
place; and they found, that it had sunk three 
feet into the earth, with an opening of about 
one foot in diameter. The snow was melted to 
the distance of five feet around the spot, and 
every thing in its immediate vicinity seemed to 
be parched and burnt. On digging, they dis- 
covered the stone, which is of a dark colour, of 
a metallic lustre, and weighs fifty pounds. It 
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is kept at Aix in Provence. Paul Lucas men- 
tions having seen one full at Larissa in Macedo- 
nia, which weighed seventy-twt) pounds. It 
was surrounded by a cloud before it fell, and 
caused a very disagreeable alteration in the 
state of jthe atmosphere. 

On the 3d and 4th of June 1731, at Lessay, 
near Coutance, the whole sky seemed on fire, 
from the horizon to the zenith ; vivid flashes of 
lightning crossed through the air like a fire* 
work, and there fell, every where around, bits 
of metal, as if they had been melted : the hor- 
ror occasioned by this phenomenon was greatly 
increased, by a most dreadful thunder storm 
that followed their precipitation ; buildings 
were, shaken by them, others thrown down^ 
aiiid many cattle were killed ; there fell Init ^ 
small quantity of rain, and none had fftllen for 
sonie time before. There was aUo a stone of 
this description said tp have fallen on thjB 5th 
April 1 804, at Possil, in the neighbourhood of 
Glasgow; it passed some labourers in a field, 
who had their attention aroused by the great 
and uncommon noise in the atmosphere. Tbei:« 
are alsQ repeated instances of. the same kind, 
given in the work of Julius Obsequens dcPro* 
digiis^ from the earliest period of the Roman 
history, down to the death of Caesar ; and simi* 
lar meteors are occasionally noticed, in the wri- 
tings of authors in the middle ages, down to th^ 
present aera : the former author, amopg many 



simSar instances, particularly mentions an im- 
mense stone having fallen, during the consulate 
of C. Clau<£us Palchcr, and T. SemprOBilus 
Gracchus. 

In addition ta the above instances^ the fol- 
lowing table is sutyoined, of the jnost rennaitk- 
able occurrences of thunder-stones, taken from 
authentic records, and collected by M. Izaifn, 
in his work called Lythogenesie Atmosphefiqne. 
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Many ingenious hypotheses have been addu- 
ced in attempting to explain the origin of these 
stones, which hitherto remains involved in the 
most con>plete obscurity. About the com- 
mencement of the 1 8th centiwy, it Was strenu- 
ously denied, that such matters ever descended 
from the atmosphere ; that tlietr seeming fall 
is a deception, in consequence of the prefe- 
rence which electricity shews for such substan- 
ces as those stones are composed of; and that 
they are merely metallic matters, heated fcy the 
electrical fluid during a tlmnder stofm. But 
there does fiot exist any good reason why this 
opinion should be impKcitly credited ; for, in- 
dependently of the undoubted evidence of tliose 
stones having been seen in the act of falling, no 
veiy great or unusual degree of attraction is 
known to exist between tlie electric fluid and 
the great proportion of matters which enter in- 
to the composition of thunder-stones. 

Another opinion succeeded the above, and 
has prevailed with some celebrated men, even 
to the present time. They believe that these 
stony matters originate in the higher regions 
of the atmosphere itself. This hypothesis seems 
to have been supported by the late Sir William 
Hamilton : but it has been maintained all alonsr 
without the aid of a single fact to render its ac- 
curacy even ])robabIe. No substance can exist 
in the atmosphere, merely in a state of mixture, 
whose specific gravity is greater than that fluid : 
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and allowing that the principles composmg 
thiiiitier-stoiies are not simple bodies, according 
to the doctrines of modem chemistry, no proof 
has been adduced to shew, that the component 
particles of the different stony and metailic 
matters, found in those substances, are of a spe- 
cific gravity sufficient to render them buoyant 
in the air. It seems dijficult to be account-- 
ed for how tliose matters get to the higher 
regions of the atmosphere ; and that certain sub- 
stances are only combined in the fomiation of 
meteoric stones, to the exclusion of all others ; 
for it appears' probable, that if this be the 
occasional origin of one or two earths and 
as many metals, that all matters of a similar 
kind will also be produced m the same manner. 
Again, this hypotliesis does not 'explain the 
constant appearance of tliis stone luving been 
exposed toan intense heat, itliaving been shewn, 
that the upper regions of the atniospliere are al- 
■ways at a teniperatuie below the freezing point: 
neither, by the above opinion, can it be readily 
comprehended, how those stones slioulil, in 
every instance, descend, as if propelled by an 
immense force, which is entirely different from 
the velocity which would be caused by their spcr 
cific gravity alone. lu the 45th volume of the 
Aunaies de Chimie, p. 62., there is an essay on 
tills subject, by Eusebe Salverte. in which he 
.itteni]its to do away tiie most forcible objec- 
tions to the above-mentioned opinion. He i-e- 
A a 3 
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marks, that there is no substance so seldom 
found in stones ejected from volcanoes, as mag- 
nesia, if it be not .native iron, or which is al- 
loyed with nickel, according to the analysis of 
Vauquelin. He supposes, that the matters form- 
ing meteoric stones, have been previously vola- 
tilized by heat, in the interior of a volcano, and 
in this state, being dissolved in hydrogen gas, 
they ascend to the higher regions of the air. 
A process somewhat similar to this, he thinks, 
takes plate in the dissolution of matters in ge- 
neral. He supposes the hydrogen compound in 
the higher regions, is occasionally set fire to by 
the power of electricity, as that fluid tends to 
an equilibrium between the earth and air: the 
metals and other matters held in solution by the 
gas, being in this manner revived and precipita- 
ted, coalesce into masses in their descent ; and 
as they retain the heat occasioned by the com- 
bustion of the solvent, in this manner they con- 
stitute the whole phenomena. But most of the 
objections we have stated to the simple opinion, 
apply directly to this also. It has been already 
shewn, that there does not exist a proof of an 
isolated stratum of hydrogen gas in the atmo- 
sphere ; nor would the quantities of the matters 
forming meteoric stones, which hydrogen is ca- 
pable of dissolving, be sufficient to constitute 
their appearance ; neither is there any proof, 
that any of the matters of which meteoric stones 
are found to consist, are soluble in hydrogen 
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gas; and, on the other hand, were this really 
the manner in which these were generated, we 
should naturally expect to find them occasion- 
ally mixed with substances which are most so- 
luble in that ga^s, and which abound most plen-^ 
tifuUy in situations pointed out by Salverte, as 
the primary source of the others. 

The celebrated De la Lande entertains an o- 
pinion, that this meteor is produced from vol- 
canoes in the moon : that during their eruption, 
stones, such as we have described, are projectr 
ed upon the earth. This ingenious philosopher 
has collected many valuable observations in supr 
port of his theory, and, consequently, has not 
ventured to propagate it, without mature ; eflecr 
tion and conviction of its accuracy ; but ncr 
vertheless, it still appears liable to many unsur- 
mountable objections. Thunder-stones have 
all the appearances of having been exposed to 
the action of volcanic fire, as no other natural 
degree of heat known seems sufficient to. effect 
the changes upon them which they are per- 
ceived to have undergone. But whether they 
have been exposed to that power in volcanoes 
in the moon, or in those always open upon this 
globe, is a question of the greatest difficulty to 
determine. Allowing that the eruption of a 
lunar volcano has sufficient power to eject a 
mass of matter to such an height, that it would 
come within the sphere of the attraction of the 
earth's atmosphere, and that the increasing d^n- 

A a 4 
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sity of die latter augmented thi« force ; slioukl 
we not expect, that the meteor itself would be 
quite cool before it leadies the graiuui, in con* 
quence of passing through an uninense tract of 
cold air, as well in the atmosphere of the raooo, 
if it possesses one, as in that of the earth ? It 
may however he suggested in refutatiim of this 
objection, that the thunder-stones,- by decom- 
posing tiie atmosphere through which they pass, 
may foe supplied with ail that is necessary for 
keeping np their temperatures. To tliis it mmt 
however he observed, that the ioflammaWe na- 
ture of these stones has not yet been discovered; 
on the contrary, the greatest proportion of tiieir 
component principles have a very opposite pro- 
perty* At any rate, it is probabie, that the 
great velocity of their course would entireJy 
preclude any advantages tliat could be gathered 
from such an etfect. Besides, it is necessary to 
determine with what probability we may con- 
clude, that the compo»emt matters of thtiinder^ 
stones do really exist in the moon. But mat- 
ters have fallen from the atmosphcue upon the 
earth, when it was impossible, from th^ moon's 
position with respect to this globe, that they 
could have originated in that planet ; and the 
variety of mattcirs ' which liave fallen in tiiis 
manner, hkewisc contradict this opixiion. Julius 
Obsequens obser^Ts, that " anno urbis 643, in 
Vestinis pei- dies septein lapidibus testisqiie plu- 
it ;" and under tbe^consulate of Quint. Alctel- 
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Jug md TuUius Didiius, " ^jno urbis 646, ImiiB 
m theatre creta cotidida pluit." For fUrtber il* 
lustrations of this kind, we refer to M. Izum^s 
table. 

It k well known, that ^very substance cic* 
feectecl in the analysis of these matters, abounds 
ifi tine conipositiofi of this globe ; if, thenefore^ 
(90 prodigious a force can be ascribed to lunar 
yolcanoefi, anay it not be supposed, on eqvsdij 
good grounds, that terrestrial ones anc possessed 
of as much power. All the component parts 
^f thunder-stones have been met with in tiie 
vicinity of volcanic ciateiis, in different parts of 
the globe. Though these liave not been found 
in combination, this is peiiiaps in a great de- 
gi^e owiflig to the little progress tliat ijas been 
made in die investigation of matters ejected 
from tliem ; but if thunder-stones are only 
thro\m out during the most violent eruptions, 
it cannot be expected that those stones in its 
immediate vicinity will in genenai resemble 
them^ Thunder-stones are always accompanied 
with a shining light, and they have been said 
to move along with many of the fire-balls that 
have occasionally appeared. If this should be 
found to be really the fact, it will go a great 
way in enabling us to detect their origin ; for 
the most conspicuous of those balls of fire have 
been almost directly traced to the actual erup- 
tion of some volcanic mountain. The height at 
which fire-balls have appeared in the air, is also 
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sufficient to account for the dejection of thun- 
der-stones in places at a very great distance from 
their sources. Stones of this description were 
very frequently found in Greece about the time 
of the appearance of the island of Sanctorini, 
which is known to be of volcanic origin ; and 
showers of sulphur, tuffa, ashes, and many o- 
ther volcanic matters, have been found at an 
immense distance "from the craters from whence 
they had been ejected ; matters thrown out by 
Vesuvius having been found on the African 
coast, also to a great distance across the Adria- 
tic and upper part of the Mediterranean Sea. 
We may therefore conclude from these circum- 
stances, that, although there is no positive de- 
monstration of the truth of the volcanic origin 
of thunderr stones, the opinion carries the force 
of probability in its favour; while any objec- 
tions that have been opposed to it, cannot be 
regarded as completely irrefragable ; and it cer^ 
tainly accounts more satisfactorily for all the 
phenomena, than any other hypothesis that has 
been adduced in explanation of their origin. 
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SECT. VII. 
OF PROGNOSTICS. 

On considering the foregoing observations 
respecting the physical properties of the atmo- 
sphere, it becomes evident that the information 
we acquire of this subject, wih be of importance 
in the purposes of life,^ nearly in proportion to 
the knowledge we thereby obtain of predicting 
the various changes of the weather. This is an 
investigation that has deservedly occupied the 
attention of the ingenious in eveyy age : agricul- 
ture, navigation, and many of the most useful 
branches of practical science, depend on the 
state of the atmosphere in their various process- 
es. Our knowledge of the properties of the 
atmosphere would therefore become of the 
highest utility to mankind, could the varieties 
of season, or recurrence of sudden changes of 
weather, be readily prognosticated. But this 
investigation is so intimately connected with 
circumstances which influence diiFei*ent cli- 
mates, that a general table of prognostics can 
only be completed by the united labours and 
experience of the learned in every country. 
Hitherto, the improvement that has been made 
in this useful branch of natural knowledge, is 
very trifling ; and although a variety of tolera- 
bly perfect instruments have been contrived, 
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by which the properties of the atmosphere 
have been more fully ascertained, and the 
changes about to occur in it have been some- 
times predicted by their means, still it is much 
to be regretted, that they do not enable us to 
foretell the particular states of weather about to 
ensue. Therefore, few material advances have 
been made in addition to those handed down to 
us by the earliest -writers on the subject. 

Our knowledge of prognostics is collected 
from tiie influence of the atmosphere on the ba- 
rometer, thermometer and hygrometer, together 
with the united experience of circumstances 
which have preceded a similitude of difter^nt 
seasons, or changes of the weather. The latter 
circumstances are principally acquired by obser- 
vati<His on the atmosphere itself, its effects on 
living matter>6, or by the changes it produces on 
other natural bodies ; and to these must be add- 
ed tlie force of planetary influence, beiiig the 
experience of certain changes taking place in 
the atmosphere, according to the position of tlie 
earth in resjiect to the sun and moon^ 
. With respect to the method of prognosticar 
ting changes of the atmosphere by means of the 
indications afforded by instruments, it is ex- 
tremely unfortunate, that, in this instance, the 
changes have generally commenced before any 
alteration is indicated by them ; and even then 
they are not always to be relied on ; as similar 
indications precede the occurrence of very op- 
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posite states of weather. The barometer is the 
mstmment usually attended to as a weather- 
glass ; from whose altcratiotis, we acquire the 
most certain information regarding the changes 
in the condition of the atmosphere ; the tempe- 
rature and humidity of the air, as indicated by 
the thermometer and hygrometer, having al- 
ways a direct influence in varying the density 
of the atmosphere ; the barometer therefore as^ 
sists us in forming an opinion of the probable 
occurrence of these particular conditions. The 
mercury in the barometer commonly rises du- 
ring fair weather : it generally falls before raid : 
it likewise falls before violent winds, and sinks 
unusually low before a heavy gale : it rises ra- 
pidly as it blows over ; and it sinks lower if the 
wind has been accompanied by rain. It is 
highest during an east or north-east wind : in 
frost the mercury ascends, and if it rises during 
open weather, frost may be expected : if it 
ascends during rain, and continues to rise for 
two or three days, long fair weather may be ex- 
pected to succeed. In like manner, when it 
falls suddenly during fair weather, much rain 
generally follows. The mercury remaining sta- 
tionary, foretells a continuance of the same sort 
of weather. When the mercury in the tube is 
concave on its surface, it aftbrds a sign that it 
is sinking : if the surface is con\Tx, it indicates 
an opposite tendency. Wlien the mercury in 
the barometer sinks a great space suddenly, it 
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foretells a hurricane or earthquake. Mr Dal ton 
observed, that when the barometer is near the 
high extreme for the season of the year, there 
is very little probability of immediate rain. 
When the barometer is low for the season, there 
is seldom a great weight of rain, though a fair 
day in such a case is rare : the weather at such 
times is generally short, heavy, and interrupted 
with sudden showers, and squalls of wind from 
the south-west, west, or north-west. When the 
appearances of the sky are very promising for 
fair weather, and the barometer low, a change 
of weather may be exj^cted soon to happen. 
Very dense and dark clouds piass over without 
rain when the barometer is high ; whereas, when 
the barometer is low, it sometimes rains almost 
without any appearance of clouds. Thunder is 
almost always preceded by hot weather, and fol- 
lowed by cold and showery weather. A sud- 
den and extreme change of the temperature of 
the atmosphere, either from heat to cold, or 
from cold to heat, is generally followed by rain 
within twenty-four hours. This observation 
was made by Pliny : he says, " Tradunt enim 
eundem Democritum metente fratri ejus Dumaso 
ardcntissiiiio eestu orassi, ut reliqua segete parce- 
rit, raj)eretque desecta sub tectum, paucis mox 
horis sa^vo inibre vaticinationeapprobata." M. 
Changucx has also made us acquainted with the 
following rules : When there are two different 
currents of air at the same time, if the higher 
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one has a direction from the north, and that 
next the earth's surface be from the south, some" 
times rain takes place, although the mercury in 
the barometer should stand high ; but if, on the. 
contrary, the south wind be highest, and that 
from the north nearest the earth, it never rains, 
although the barometer should stand very low. 
When the mercury rises much, and continues 
to ascend slowly, it foretells the continuance of - 
fine weather; when it descends much, but 
slowly, bad or unsettled weather is indicated. 
When the barometer rises rapidly, it shews that 
the weather, whatever it is, will be of short du- 
ration ; and when it sinks much, it prognosti- 
cates an opposite effect. When the temperature 
of the air is great, the descent of thfe barometer 
predicts a thunder storm : If the barometer 
rises in winter, it announces frost; if it then 
sinks somewhat, a thaw may be expected to fol- 
low ; and if it rises during the thaw, it predicts 
a fall of snow. 

. M. Saussure, in his Essay on the Hygrometer, 
remarked, that during fair weather, the trans- 
parency of the air is less, while a great clearness 
of the air indicates rain : thus, distant objects 
seem nearer, and ships appear higher in the wa- 
ter, and more distinct before rain. 

Dr Kirwan has with much assiduity cultiva- 
ted this branch of knowledge, and has afforded 
us the following result of his observations, 
whereby we are enabled to form a probable 
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conjectore of the state of the weather in the 
immediate 9ucceed»Kg seasofi. 1 »t, When there 
has been no stonn before or after the vernal 
equinox, the ensuing summer k usually dry at 
feast fire times in six ; gdly, Wb^n a storm oc- 
curs from an easterly point, either on the 19th, 
SOtb, or 21st of May, the succeeding summer 
is dry four tim^s out of five ; 3dly, That whem 
a storm arises oa the asth, Q6th^ or 27th of 
Warcb, and not before in any pointy the suc- 
ceeding summer is g-enerally dry four tinges in 
five ; 4thly, If there be a stonn at south-west, 
or west soutli-west, on the 19thy 20th, aist, or 
23d of Mareliy the succeeding summer is ge- 
lierally wet five times in six. These obserrar 
tions were Aade on the climate of Irelanjd ;. but, 
in consequence of tiie col^responding changea- 
bleness of the weather in Britain, it is probable, 
that they may be applicable to both countries. 
If the 15th of July, the anniversary of St 
Swinthin, be fair or rainy, it forbodes a conti- 
nuance of similar weather for the next succeed- 
ing six weeks, — generally for the remainder of 
the season. When the winter has been rainv, 
ihe following spring and summer are usually 
found to be cold and late. If May has been 
rainy, September is generally foun<l to be dry. 
If Candlemas be dry, the following spring and 
summer may be expected to be dry and wann. 
Ilainy weather generally follows within twenty- 
four hours after the flashing of lightning in the 
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atmosphere, (luring serene weatlicr. Higli winds 
and other clianges have Been said tu follow llie 
appearance of the aurora; boreales, from the days 
of Aristotle to the present time ; but according 
to Mr Daitoii, this meteor aiinounees fair wea- 
ther. After the appearance of 227 aurora; ob- 
served at Kendal and Keswick, 88 of the suc- 
ceeding days were wet, and 139 fair,— an opi- 
nion which seems rather coniimied by the ob- 
servations of Pere Cotte. By a table he has 
drawn up from the experience of twelve years, 
it appears, that fair weather precedes and follows 
the aurorie boreales oftener than any other tem- 
perature ; that cold weather predominates ofteu- 
er than warmth before and after this meteor ; 
tliat it is oftener followed by rain, snow, and 
mist, than preceded by such weather : from 
wlience it may be concluded, that these are a 
consequence of this phenomenon ; though the 
difference is not so great as to establish thij I 
with precision. He did not find, by the above 
observations, that tlie aurorx boreales have an 
influence in regard to the wind, as it continued 
to blow, both before and after their appearance, 
from the same point. 

llalos, parhelia, and St Helmo's fire, have 
been already mentioned, as being the forerun- 
ners of storms of wind and bad weather in the 
South Sea, and in the Mediterranean: in the 
climate of Britain, their appearance is usually 
followed bv rain ; sometimes they are succeed- 

Vol,. I. " B I. 



386 OF PROGNOSTieSv 

ed, too, by dry weatlier. Falling stars are noti* 
ced by Virgil as the precursors of high windi^. 
The more l?levated the rays of the setting sun 
appear, tlie sooner will a change of weather 
take place : if the rays are red, as well as the 
body of the planet itself, it indicates wind. 
" Cceruleus pluviam denuntiat igneus euros." 
When the sun's rays appear rather of a purple 
hue, with greenish streaks, it indicates cold, 
an<l so much the more intense, as the greenish 
colour ijs more deep. When the sun appears 
dim at rising, or is obscured by thick clouds at 
setting, and especially if tlie sky is reddish in 
the east, it indicates rain shortly to follow. The 
sun rising pale^ or appearing larger than usual, 
and especially if accompanied with parhelia, is 
regarded ^s the forerunner of storms of wind. 
If the moon first appears of a dead pale colour, 
and if the points or horns are blunt, it indicates 
rain ; but when that planet seems- of a larger 
size, and the colour approaching nearer to a 
red, with acuminated points, it forebodes wind ; 
and when the colour is natural, with points 
sharp, it indicates cold weather, if in winter, 
but a continuance of fair weather in the sum- 
mer. 

According to the Shepherd of Banbury's ob- 
servations, if the ten last days of February and 
the ten first of March are rainy, the spring and 
summer will be so likewise. It is always at 
this period of the year the droughts commence. 
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If the first days of November are almost all 
warm and rainy, January and February will 
probably be cold, more especially if the prece- 
ding summer has not been dry. If there occur 
frost and snow in October or November, in 
that case, the weather will be probably mild 
and clear in January and February. The sun 
rising red, announces wind and rain : if covered 
with clouds which gradually dissipate, it is a 
certain sign of fair weather. Clouds piled upon 
each other in the form of huge rocks, forebode 
great rain ; and little clouds collecting into lar- 
ger masses, foretell the same occurrence : but 
large clouds becoming less, promise fine wea- 
ther. When a south wind has prevailed for 
two or three days in summer, a great heat ge- 
nerally succeeds. When the clouds appear 
white on the top, and darker round the edges, 
storms and rain immediately follow. If two 
parallel clouds form, the one to the right, the 
other to the left, it is time to take immediate 
shelter. JNIists on the low grounds, which dis- 
appear as the sun rises, afford a sign of dry 
weather ; but mists covering the tops of the 
hills, forebode rain the day following. A gene- 
ral mist before sun-rise, about full moon, is a 
sl<rn of line weather: but a similar mist at sun- 
rise al)()ut new moon, prognosticates rainy wea- 
ther about the decline. A general mist before 
sun-rise, at the wane of the moon, is a sign of 
rain about the change. Vapour arising from 
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lakes, and becoming visible, is held to be a sure 
sign of rain. Sudden rains are rarely of long 
duration ; but when the atmosphere becomes 
insensibly obscured, the rain usually lasts six 
hours. The rain coming from the south, with 
a high wind, which falls after some hours, while 
the rain continues, it is probable that it will last 
twelve hours or more, and that it will not cease 
but by a north wind : it is seldom that such 
rains last longer than twelve hours, or retura 
oftener than once a-year. If the rain begins an 
hour or two before sun-rise, it may be relied on 
that the weather will clear up before noon, and 
will remain fine till the evening ; but if it does 
not come on till an hour or two after sun-rise, 
it will probably rain all day, at least if no rain- 
bow is apparent. In the course of eight years, 
the wind blows as often from the south-^estas 
from the north-east ; so there is a like number 
of dry and wet years. If the wind changing to 
north-east, continues two days, not returning 
the third day to the south with rain, it may be 
concluded, that it will remain north-east with 
fine weather, then it will turn to the south. If 
it again quits the south for the north-cast, with 
rain, and if it fixes in the north-east for two 
days without rain, or clianges to the south 
without rain the third day, it is probable, that 
it will remain north-cast for two or three 
months. After two months, during the time 
tlie north wind decreases, if a south wind su- 
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^ervenes, there commonly follow three or four 
days of good weather, succeeded by rain, at 
least if the wind does not shift to the north ; in 
that case, the fine weather continues. If after 
two or three days without rain the wind be- 
comes south, after turning to the north with 
rain, and returns south at the end of two days, 
varying in this way two or three times, then it 
may blow for two or three months from the 
south or south-west. Eight days of fine wea- 
ther, with the occurrence of a south-west wind^ 
are generally followed by great drought, espe- 
cially if much rain has previously fallen from 
this point. When a cloud is seen moving in a 
direction different from the curr-ent of wind, it 
may be expected, that the wind will assume the 
<lirection of the clouds. When it clears up du- 
ring night, fair weather is not to be looked for. 

A rainy autumn, followed by a mild winter, 
are always succeeded by a cold dry spring. If 
the winter be dry, the spring will be wet. A se- 
rene autumn commonly follows a moist spring 
and summer. 

When the leaves are long of falling in au- 
tumn, and when there remains a g;reat quantity 
of berries on the white thorn, or hips upon the 
wild rose, a severe winter is announced, as the&e 
show that the summer has been wet. 

Violent hurricanes or falls of rain prx)duce a 
Jvind of crisis in the atmosphere, and after them, 

Bb3 



390 OF PROGNOSTICS. 

the weather generally becomes settled, whether 
good or bad. 

M. de Saussure says, he never found it miss 
raining after the appearance of a cloud which 
reflected a portion of the primitive rays of light. 
He gives an instance where he was warned by 
this prognostic to take shelter, even when the 
sky continued fine, but Avhich was almost im- 
mediately after agitated with a severe storm of 
wind and rain. 

Animals often betray signs of great distress 
before approaching bad weather, especially high 
winds and thunder. Domestic cattle seek home, 
refuse to eat, and appear to look out for shelter. 
Insects, and many other animals, show forcible 
marks of their sensibility of any great chatige: 
thus, worms crawl more about than usual, flies 
are troublesome, and bees keep near to their 
hives, before rajn. Spiders' webs being more 
abundant in the air than usual, bees found at a 
great distance from their hives, and returning 
late, and the lark rising earlier and continuing 
his song longer, are certain signs of fine dry 
weather. 

The pains of rheumatism and of old \vounds 
recur commonly before cold and rain, and 
then, also, the corns on the feet feel trpuble- 
some. In the same way, the cords of stringed 
musical instruments frequently snap, m conse- 
quence- of their shortening by imbibing vapour 
from the atmosphere. 
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Birds of passage leaving their summer resi- 
dence at an earlier period than usual, is assum.ed 
as a prediction of a severe ensuiug winter. 
Birds keep near to the ground before a storm ; 
and when the weather promises to eontinue fine, 
birds of prey moiuit high in tlie air. Before a 
stonn, some kinds of water-fowl emit loud 
screams, di}>pi;ng frequently under water, and 
are never seen at a distance from shore. It has 
likewise been observed, that when sheep begin 
' to copulate early in the season, the temperature 
of the ensuing summer is usually mild and diy ; 
but when this process commences with diem 
late in the season, a backward spring and sum- 
mer may be looked for.. Aristotle remarked 
in regard to cattle, that " cum plures gravidaj 
sunt, et facile initum patiuntur, nimirum pro 
signo imbrium accipitur." Domestic and other 
fowls are observed to pick themselves, ancr an- 
noint their feathers, by squeezing the follicle in 
their rumps, spreading the oil with their bills, 
previous to rain. 

]\Ia;n does not feel any iTg-^ular warning of 
the approaching changes of the weather. There 
are some persons who experience great anxiety 
and distress before thunder, or during any re- 
markable change of the electrical state of the 
air. PiU'ticular winds, too, affect people of pe- 
culiar constitutions ; and others, like Lord Ve- 
rulam, fall into syncope on the occurrence of an 
eclipse. Plinv concludes his chapter on prog- 
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nostics with the following curious observation : 
" Necnoii et in conviviis mensisque nostris, va- 
sa quibus esculentuni additur, sudorum rcposi- 
toriis linquentia, diras tempestatespranuntiant." 

Plants give signs also from which some prog- 
nostic of the weather may be assumed ; before 
rain and high winds their leaves and flowers are 
never so fully expanded as during fine weather; 
some substances become more bulky before wet 
weather, and in this w^ay wooden work often 
acquires the bulk it had shrunk during drought. 

It has been supposed of late, that certain 
years correspond with others recurring at a dis- 
tant period; thus, Toaldo and others imagine, 
that these agree in temperature, humidity, &c. 
This similitude of seasons is imputed to the in- 
fluence of the moon ; and on this theory Toal- 
do draws the following consequences : 1^^, The 
seasons and constitution of the year should have 
a period nearly eqij^l to the revolution of the 
moon's apogeum, which is from eight to nine 
years. Sfi^/j^, About the middle of this period, 
which is from four to five years, there ought to 
be a return, which should bring wMth it most 
frequently extraordinary seasons. By observa- 
tions during a considerable length of time, he 
found the amount of the quantities of rain for 
nine successive years to be always equal or 
nearly so both at Padua and at Paris. Toaldo 
seems to think this opinion is confirmed, by 
finding that the moon's apses return to theiv 
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former situation after eight or nine years ; and 
it is therefore probable, that at these different 
periods, similar seasons will return. The situa- 
tion of the apses is the same at the equinoxial 
and solstitial periods every four years ; it may 
therefore happen, that the fourth year shall re* 
semble one of the former, and that, after an ex- 
traordinary season, the fourth succeeding may 
be expected to be so likewise : but, neverthe- 
less, Toaldo lays most stress on the doctrine of 
similar seasons returning every eighteen or nine- 
teen years ; and in this he is followed by Pere 
Cotte, M. Fouchy and Van Swinden ; but they 
liave been all anticipated by the author of an 
Essay on Meteorology, published in London 
1715. Hoffman likewise remarked a striking- 
coincidence in the temperature and humidity of 
the years 1709 and 1728, which exactly agrees 
with the observation of Toaldo. Seneca says 
in his book de Cometis, *' Pluvias quoque et . 
alia tempestatum genera, ad prescriptum rever- 
tuntur :" but the precise period discovered by 
Toaldo is supposed to be indicated in *the 18th 
book, and 25 th chapter of Pliny's Natural His- 
tory ; and in the 39th chapter of his second, he 
evidently ascribes this revolution to a similar 
cause, in the following words : " Quis enim up- 
states et hiemes, quaeque in temporibus annua? 
vici inteUiguntur, siderum motu fieri dubitet? 
Ergo ut solis natura temperando intelligitur an- 
no, sic reliquoruni siderum propria est quibus- 
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que vis, et ad suani cuique naturam fertilis :" 
and the remainder of the chapter indicates the 
peculiar infkience of several of tlie planets in 
this respect: " Saturni maxime transitus imbri- 
bus faciunt :" and again, " Arcturi vero sidus 
lion femie sine procellosa grandine emergit." 
These documents shew, that a similar opinion 
has been at all times entertained by the most at- 
tentive observers of the operations of nature, — a. 
circumstance which tends greatly to confirm the 
correctness of Toaldo's theory of this occurrence. 
The lunar points which are supposed to have 
the greatest influence in occasionmg changes in 
the weather, are the following: Ut^ Sy^ygy or 
'new moon. Qd, Syzygy or full moon. 3d^ The 
first and second quarters. 4/A, The Pjerigee, or 
greatest proximity of the moon to the earth. 
5th, Tlie Apogee, or points of greatest distance. 
6///, The ascending and descending equinoxes, 
or the passage of the moon over the equator, 
the first on coming from the south to the north, 
the seconxl on gping from the north to the south. 
7th, The austral and boreal lunistices, or points 
corresponding to the extreme position of the 
moon in the tropics of Capricorn and cancer. 
]\I. Toaldo adds four other points, which he dcr 
nominates Octans, being the fourth day before 
and after each new and full moon : tiic influr 
ence of any of these causes must, however, be 
greatly increased by being combined with th^ 
influence of tlic sun, when that luminary hap- 
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pens to be in a position corresponding to any of 
the above. Pere Cotte found a striking resem- 
blance in the temperature of the years corre- 
sponding to 1777, being I7OI, 1720, 1730, and 
1758 : and according to the observations of M. 
Duhamel, there was scarcely any difference of 
temperature in the different months of the first 
and last years : the years 1778, 1779, and 1780, 
were hot and dry, and accorded with years 
when the same constitution of seasons prevailed. 
Those which corresponded with 1781 were like- 
wise warm and dry, which it was observed to 
be in a remarkable degree : the years corre- 
sponding to 1782, 1725 and 1763, were singu- 
larly cold, moist and late. Cotte supposes, that 
the period of four or five years mentioned by 
Toaldo, has also been verified to a certain de- 
gree. The following table is drawn up from 
investigations on this subject, and taken from 
the works of Pere Cotte. 
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, The above table is so very simple in its appli- 
cation, that no particular explanation of it 
seems requisite; and it maybe implicitly relied 
on, so ffir as experience of former seasons, and 
the justness of the principles upon which it has 
hcGn formed, are correct; though, as the ob- 
serv^ations from which the table was drawn up, 
were made upon the continent, they may not 
exactly correspond with the seasons in Britain. 
From a series of observations continued from 
the 1769. to the 1777, Pere Cotte found, that 
of all the lunar points, the austral lunistice is 
that which has the greatest effect upon the 
temperature, and upon the atmosphere in gene- 
ral : That an east wind almost always accom- 
panies the lunar points : That the lunar points 
bring usually a greater degree of cold' than 
heat ; That the descending equinox ushers ia 
fine weather; the apogee dull weather; the 
new moon, clouds ; the full moon, the first 
quarter, and the perigee, rain ; the last quarter, 
the perigee, wind ; the boreal lunistice, and 
the last quarter, fog ; the first quarter, and the 
new moon, thunder ; new moon, the aurora 
borealis. M. Delamark informed Cotte, that 
he had peitreived a remarkable correspondence 
between the dechne.of the moon and the winds ; 
that when the moon passes from the boreal to 
the austral lunistice, the wind gets north, the 
weather fine, with a high baronieter ; and when 
it goes from the austral to the boreal lunistice, 
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the wind becomes south, sometimes stormy^ 
with rain, and the barometer low, 

According to Toaldo's observations, storms 
occur almost always at some of the lunar points, 
combined or separately. The following is a ta- 
ble of their proportions. 



■ 

Lunar Points. 


Proportion. 


New moon, with the perigee, 
New moon, with the apogee, 
Full moon, with the perigee, 
Full moon, with the apogee, 


33.1 

7.1 

10.1 

8.1 



. By the labours of forty years experience, as- 
sisted and corroborated by calculations formed 
by the meteorological journals of several learned 
societies, M. Toaldo found, that of all the lu- 
nar points, the new moon showed the greatest 
influence upon the atmosphere, and that the in- 
fluence of the other lunar points were different 
from each other, and in the following propor- 
tions. 
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Lunar Points* 



New moon, 
Full moon, 
1st quarter, 
2d quarter. 
Perigee, . . • . 
Apogee, .... 
Ascending equinox, 
Descending equinox, 
Austral lunistice, 
Boreal lunistice, 



Proportion. 



6.1 
5.1 
2il 
2il 

7.1 

4.1 

3J.1 

211 

3.1 



2i.l 



Wiien the moon and sun exert their attrac- 
tions, either conjunctly, or in opposite direc- 
tions, their influence will be so uniform u[X)u 
the atmosphere, being nearly equal, that its ef- 
fects will not be so remarkable ; but when tlic 
moon's position is so far altered with respect 
to the sun, their spheres of attraction must be 
in that case exerted in an oblique direction ; 
and their influence will be then more obvious, 
being more irregular. 

The following Meteorological Aphorisms, 
drawn up by the same author, are subjoined 
in illustration of his theory. 
1. When the moon is in conjunction, in oppo- 
sition, or in quarter with the sun, or in one 



400 OF PROGNOSTICS. 

of its apses, or in one of the four cardind 
points of the zodiac, it is probable that it 
will produce a sensible alteration on the at- 
mosphere, and a change of weather. 

2. The most powerful lunar points are the new 
and full moon, or the apses. 

3. Tlie combination of syzygies with the apses 
are very powerful ; but the new moon with 
the apses, carries always a moral certainty of 
a great commotion in the air.. 

4. The other minor points also acquire great 
force by their union with the apses. 

5- The new and full moon, which does not 
change the weather, are then most distant 
from the apses. 

6. The fourth day before and after new and full 
moon, is jemarkable in its effects on the 
weather, and is the point of all others most 
relied upon by the ancient Egyptians. 

7. If the horns of the moon are distinct and Avell 
pointed on that day, it shews, th.!t the atmo- 
sphere does not contain any vapours in mass; 
and we may therefore expect that the wea- 
ther will be fine, till the fourth day' before 
full moon, sometimes through the whole 
month : but an opposite state of weather may 
be expected, if the horns are obscure. 

8. A lunar point often causes an alteration in 
the atmosphere, different from its former con- 
dition. 
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9. The apogee, the quarters, the south lunistice, 
bring commonly good weather. The other 
points tend to render the gravity of the air 
less, and thus cause bad weather, by assisting 
the precipitation of vapour. 

10. The most powerful points, that is the new 
and full moon, the apogee, and above all the 
perigee, and their combinations, produce 
storms about the equinoxes and solstices. 

11. A change of Aveather rarely occurs on the 
day of a lunar point, sometimes it precedes, 
at other times it follows it. 

12. In general, during the six winter months, 
the tides of the ocean, and the air, anticipate 
the lunar points, and are stronger : these are 
occasioned by the perigee of the sun, which 
approaches the earth about two millions of 
miles. And in the summer the tides are less, 
and succeed the lunar points. 

13. In thf new and full moon, about the equi- 
noxial, and frequently even the solstitial pe- 
riods, (chiefly in winter), the weather fixes 
for three or six months, either for good or 
bad. M. Monier has ascertained, that when 
the moon passes the meridian, either above or 
below tlie horizon, it causes an east wind, or 
a west wind with rain : this happens often- 
est at the new and full moon, when the sun 
and moon are most distant from the plain of 
the equator : at such times, if the wind be 
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east, dry weather sets in, if from the west, the 
season will be wet. 

14. The seasons, tides, and years, appear to have 
a period of from eight to nine years, accord- 
ing with the revokition of the lunar apses, 
another of eighteen or nineteen years, and o- 
thers of still longer periods. 

15. There is even a period from four to five 
years, and these four or five years are liable 
to bad seasons. 

16. Rains and wind begin or cease about the 
time the moon rises or sets, or that of his pas- 
sage over the meridian, either above or below, 
that is at the time the tide begins to make in 

Italv. 

17. It rains more through the day than at night, 
and oftener in the ievening than the morn- 
ing. 

18. Hurricanes blow generally from a point one- 
fourth less west ; this holds as far asjlie Ame- 
rican Islands : but Toaldo has seen a storm 
from the east ; it happened in the morning. 
And Cotte thinks, that storms usually blow 
from the point of the horizon where the sun 
happens to be. 

Althouo'h the influence of the moon in occa- 
sioning changes of the weather, is confirmed by 
the observations of mankind in everv aire, these 
may not perhaps be found every where exactly 
as in the above aphorisms; besides, tliey will in 
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general require to be confirmed by experience 
in every country. Though the term of nine- 
teen years is marked as the corresponding pe- 
riod, it is to be observed, that the astronomical 
period of the moon's correspondence, is eigh- 
teen years and eleven days ; and Toaldo uniform- 
ly found a remarkable change of >veather about 
that time : but it is in consequence of the 
change of weather rarely coinciding with the 
exact lunar point, that causes the variation. 

Many of the prognostic signs we have enu- 
merated, do not admit of an interpretation, ia 
the present state of our knowledge of the pro- 
perties of the atmosphere. Some of them, how- 
ever, may be explained on the doctrines laid 
down in the preceding pages : but although the 
greater number can only be regarded as isolated 
facts, they evidently depend on the regular ope- 
ration of certain causes ; and considering the 
ingenuity.and talents of those employed in the 
research, and the great improvements the sci- 
<ence of meteorology has received within these 
few years, a progressive elucidation of every cir- 
pumstance connected with this subject may be 
reasonably expected. 
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BREB*s PRACTICAL ENaUlRY into DISORDERED RES- 
PIR ATION ; distinguishing the ^eci^ of CaaVulfire Aithma* 
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tbcir Causes, and iiidicaiions of Cure, by Hobert Bree, M. D. 
F.K.S. Fellow of the Royal Collej;e of Pliysicians: the 4th 
Ecltttoii, \iitb addition I'raclical ObserTatioiut in 8vo. price Bs. 
boards 

BUTTEU's( Dr. William) ACCOUNT of PUERPERAL FEVERS, 
as they appeared in Derbyshire aud some of the Counties 
adjacent, illustrated by Cases and successful Metbodf both of 
Prevention and Cure, ^s. tid. 

BUlTER's IMPROVED METHOD of OPEMNG ARTERIES. 
Also, a new Operation for extracting^ the Cataract. With 
Cases and 0|)eratioiis, illustrating; the good Effects of Arteri- 
otomv, Hemlock, and other Ueuiedics in various Diseases, 

BUTTER'S TREATISE on the ANGINA PECTORIS, 8a. 

BUTTER'S TREATISE on the VENEREAL ROSE, commonly 
termed the (lonorrhcra Virulenta, containing a simple, safe, 
and certain Method of Cure, without the use of Mercury, 
Ss. 6d. 

BUTTER on the INFANTILE REMITTENT FEVER, com- 
raonly called the Worm Fever; accurately describing that, 
fatal Disease, explaining its Causes and Nature, and discover- 
ing an easy, safe, and successful Method of Cure, 2d edition, 
Is. 6d. 

BADHAM's OBSERVATIONS on the INFLAMMATORY AF- 
FECTIONS of the MUCOUS MEMBRANE of the Bronchie, 
comprehending an Account of the Acute Inflammation of the 
Parts — of Peripneumonia Kotha, and of Chronic Cous^hs* &c. 
by Charles Badham, M. D. Lecturer on the Practice of Physic, 
&c. and Physician to the Westminster General Dispensary, 
boards, 4s. \^mo, 

CLARK'S (John) OBSERVATIONS on the DISEASES which 
prevail in LONG VOYAGES to HOT COUNTRIES; particu- 
tarly to the East Indies; and on the same Diseases as they ap- 
pear in Great Britain, 8yo. boards, 7s. 6d. 1^09 

CURSORY REMARKS on CORPULEXCE.~By a Member of 
thl^ Royal College of Surgeons, sewed, Ss. 8vo. 

Think not, ye Candidi^ s for health. 

That ought can gain the wUbM-for prize; 
(Or pili or potion, powi r or wealth,) 

But teui[H!rance and ex«rci^e. * 

CARMICHAEL*s (Richard) ESSAY on the NATURE of SCRO- 
FULA, with Evidence of its Origin from Disorders of the Di- 
g^estive Organs ; illustrated by a number of Cases successfully 
treated, and interspersed with Observations on the General 
Treatment of Children, 8vo. boards, 5s. 

CARMlCHAEL^s ESSAY on the Effect of Carbonate and other 
Preparations of Iron, upon CANCER; with an Inquiry into 
the Nature of that and other Diseases, to which it bears a 
relation. By Richard Carmichael, Surgeon, Sd edit, conaider* 
ably enlarged aud improved, boards, 10s« §d. 8to» 
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tUTHBERTSON'8 PRACTICAL TREATISE on ELECTRI- 
CITY and GALVANISM, by John CuthberUon, Philosophical 
Instrument Maker, and Member of the Philosophical hocie- 
ties of Holland and Utrecht, in one vol'. 8vo. illustrated with 
nine copper-plates, boards, 10s. 6d. 

CRlCHTOX's SYNOPTICAL TABLE of DISEASES, exhibit- 
ing their Arrangement in Classes, Orders, Genera, and Species, 
designed for the Use of Students, on two sheets, imperial 
folio, 8s. 6d. 

COPELAND's (Thomas) OBSERVATIONS on some of the prin- 
cipal DlSEAh^ES of the RECTUM and ANUS; particularly 
Stricture of the Rectum, the Hemorrhoidal Excrescence, and 
Fistula in Ano, boards, 5s. 8to. 1810. 

CROWTHER's PRACTICAL OBSER VATIONS on the DISEASE 
of the JOINTS, commonly called WHITE SWELLING; with 
some Remarks on Caries, Necrosis, and hcrophulous Abscess; 
in which a new and successful Method of treating these 
Diseases is pointed out. Second edition, with considerable 
additions and improvements. By Bryan Crowther, Member 
of the Royal College of Surgeons in Loudon, and Surgeon to 
Bridewell and Bcthlem Hospitals. — In one volume 8vo. illus 
trated with seven coloured plates, 10s. 6d. boards, 1808. — 
Ditto, large paper, with proof impressions of the plates, 16s. 

A. CORN. CELSI DE MEDICINA Libri Octo quibus accedunt. 
Indices Capitum Autorum et Rerum ex Reccnsione Leonard! 
Targao. In 8vo. boards, 12s. 

COUPERs SPECULATIONS on the MODE and APPEAR- 
ANCES of IMPREGNATION in the HUMAN FEMALE; 
with an Account of the i^riucipal Ancient, and an Examina- 
tion of the Modern Theories of Generation: the Third edit, 
with considerable additions, 4s. 

DUFOUR's TREATISE on DISEASES of the URETHRA, par- 
ticularly describing the various Symptoms attending Strictures, 
Obstructions, Gleets, &c. and on the Prevention of Stone and 
Gravel, with a Variety of Cascs^ tending to shew the Efficacy 
of Daran's Medicated Bougies, and a new Method of treating 
a Gonorrhoea, &c. 7th edition, Ss. 

DAUBENTON's OBSERVATIONS on INDIGESTION, in which 
is satisfactorily shewn the Efficacy of l|>ecacuanha, in reliev- 
ing this, as well as its connected Train of Complaints peculiar 
to the Decline of Life; translated from the l^rcnch, 3d edit, 
with additions by Dr. Buchan, Is. 6d. 1809. 

DOMEIER's (William) OBSERVATIONS on the Climate, Man- 
ners and Amusements of MALTA, principally intended for 
the information of Invalids repairing to thai Island fur reco- 
very of Health; by William Domcicr, M. 1). of the Royal 
College of Physicians, London, boards, 4s. 6d. 1810. 

JiARLE's (Sir James) LETTER, containing some Observations 
on the Fractures of the Lo^er Limbs; to w|iich is added, an 
Account of a Contrivance to administer Cleanliness and Com 
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fort to the Bed-ridden, or Persons confined to Bed by .A<^r, 
Accident* Sickness, or any other Infirmity, with Explanatory 
Plates, sewed, 3s. 

£A1^LE*8 (Sir James) OBSERVATIONS on HiEMORRHOI- 
DAL EXCRESCENCES, t2d edition, sewed, Is. 6d. 

FORD'S OBSEH VATIONS on the DISEASE of the HIP JOINT; 
to which is added, some Remarks on White Swellings of the 
Knee, the Caries of the Joint of the Wrisi, and other similar 
Complaints. The whole iilusLrated hy Cases and r.n;;raviug9, 
taken from the Diseased Part. i?y the late Edwa.d Ford, 
Esq. F. S. A. The second edition, revised carefully, m ith some 
additional Observations by Thomas Copehnd, l-'cllow of the 
Collc|^e of Sur^>cons, and Assistant Sur^^ecn to the Wcstmin-: 
ster General Dispensary. Illustrated with 8 copper-plates, 
8vo. boards, l^s 1810. 

GRlFFITli^s PRACTICAL OBSERVATIONS on the CURE of 
HECTIC and JrLOW FEVERS and the PUL3«0NARY COX-, 
SUMPTION ; to which is added, a Method of treating several 
Kinds of hucrnal llcnorrhti^es, a new edition, se'.«(d. Is. 6d. 

GRAVES'S CONSPECTUS of the LONDON^ EDIXBLRGH, 
and DUBLIN PHAKMACOPCEIAS; wherein the Virtues, Uses 
and Doses of ihe several Articles and Preparations contaiaed 
in those Works are coacisely slated ; their Pronunciation, as 
to Quantity, is correctly marked; and a variety of other Par- 
ticular res{)ectin^ them ^iven ; calculated more especially f»r 
the use ot Junior Practitioners. By Robert Graves. M. D. 
]8mo. 4s. 6d. 

GIRDLESTONE on DIABETES, with an Historical Sketch of 
that Disease, sewed, Ss. 6d. 8vo. 

GORDON'S* (Dr. Alexander) TREATISE on the EPIDEMIC 
PUERPERAL FEVER of ABERDEEN; sewed, 28. 6d. 

GEOGHEGAN's COMMENTARY on the TREATMENT of 
RUPIURES, particularly in a State of Straiigula^on. By 
jSd^ard Gco(;he^aii, >ienibcr of the CoUej^e of burgeons, and 
Honorary ^icmhc^ of the Royal Medical Society, Edinburgh; 
8vo. bds. in. 1810 — " This work will be found highly interest- 
ing, as it proposes important improvements in the trcatmenL" 

GOUK LAY'S OBSERVATIONS on the NATURAL HISTORY, 
CLIMATE, and DISEASES of MADEIRA, during a Period 
of Eighteen Years. By William Gourlay, M. D. Fellow of 
the Royal College of Physicians, Ebinburgh ; and Physician 
to the British Factory of Madeira; 8vo. boards, 6s. 1810. 

HARTY's (Or.) OBSERVATIONS on the SIMPLE DYSEN- 
TERY, and ils COMBINATIONS; containing a Review of 
the most celebrated Authors who have written on this subject, 
and a'so iin In vest Ration into the source of Contagion in that 
and some other Liseasc^s, boards 7s. 6d. 8vo. 

•* Tiiis Work we fiiiil no d (Bculty in rpcommfii'lin.; to onr Keatler^i ; it 
contains, uiiqui^'^tloriritily, a la uer m is^: of evidence th.in is any where elw; 
to \w. fouMfl ut the various specie of this furmicfnti'e disease ; aiid again we 
think it right once more tu recummeuU the Work before us, as the ummI 
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'▼aliiabl» 6 ^e»i of nW that hfis b**n written Ti(K)n It,"— Vide MeJieaban4 
Phy>ical Joiiritfil, for Oe^iMiiber, tflUiA. 

** Wf. hive <)rr \*;«1 m 'ch i>iai;(ication from the perusal of this volumet 
since, wtht'in g ug t!>e comp'f te ten^th of all Ihs speculati» us, we thinK 
iliAt the Author has mtitiife-t^d a e>nisiileral»Je share of ability iii their >up- 
po^t ; he ii^^rlts th- prai'-e of sa>;ac'ity, for the ^election and arrimgemeht 
of Ins rnattiia]);:; <i* great iodu^try, in the collwlion of tbem j and of 
having Fnamf/'^tcti - becom ii:; modesty m the enunciation ot his own con* 
j»'Ctu«'.*s »•- -Vi It* M<».,ih V R' vjf vv, for June, 1806. 

HUNTER'S (John) TREATISE on the VENEREAL DISEASE, 
with H,\ Introduction and Coinmeutary, by Dr. Joseph A dams^ 
boai*(i.s 14s. 8vo. 

HAMILTON'S OBSERVATIONS on SCROFULOUS AFFEC- 
TIONS, ^ith ^Renaark^ on Scirrhous Cancer, aria Rachitis, 
boards, Ss. l^mo. 

HIGGINS's (VViiJiam) ESSAY on the THEORY and PRACTICE 
of BLEACHING, wherein the Sulphuret of LIME is recom- 
mended as a Sabstitute for Pot-Ash, sewed, 2s. 

HASLAM's (John) OBSERVATIONS on MADNESS and ME- 
LANCHOLY: iiicluding Piactical Remarks on those Diseases: 
together with Cases, and an Account of the Morbid Appear- 
ances on Dissection ; by John Hasiain, lafe of Pembroke Hall, 
Cambridge; Meniber of the Royal College of Surgeons, and 
Appthecai*y to Belhl^ra Hospital, 2d edition, considerably en- 
larged, in one yoI. 8\o. boards, 9s. 

JOHNSON'S PRACTICAL ESSAY on CANCER, being the 
Substance of Ol-seryations, to which the Annual Prize for 
1808, was adjudged by the Royal College of Surgeons, Lon- 
don; by Christopher Turner Johnson, Surgeon, of Exeter, 
Member of the lioyal College of Surgeons, Loudon, and of 
th^ Royal Medical Society of Hdiuburgh, 8\o. boards, 5s. 6d. 
1810. ' 

IDENTITIES ASCERTAINED ; or, an Iliustralion of Mr. Ware's 
Opinion respecting the sameness of Infection in Venereal Go- 
nOrrhcsa, and the Opthalmia in Egypt: with an Examination 
of Affinity between ancient Leprosy and Lues, 2s. 6d. 8vo. 
1808. 

KEATE's CASES of the HYDROCELE and HERNIA INCAR- 
CERARA, sewed. Is. 6d. 

LIND on DISEASES incidental to EUROPEANS in HOT CLI- 
MATJES, with the Method of preventing their fatal Conse- 
quences; the sixth Edition, in one \olume octavo, price 8s. 
boards, 1808. 

LAWRENCE (William) TREATISE on RUPTURES, contain- 
ing an Anatomical Description of each Species; with an Ac- 
count of its Symptoms, Progress, and Treatment, illustrated 
with plates. By William Lawrence, Member of the Royal 
College of Surgeons, and Demonstrator of Anatomy, at St. 
Bariholomew's Hospital, in large 8vo. 10s. 6d. boards, 1810. 

LONDON DISSECTOR ; or. System of Dissection practised in 
the Hospitals and Lecture Rooms of the Metropolis: explained 
by the clearest Rules, for the Use of the Students. Compri- 
sing a Description of the Miucles, Vessels, Nerves, and Vi«- 
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Cera of the Human Body, ai they Appear on Diitection, with 
Directions for their demonstration* Third Edition* ISmo. 5s. 

"This will be fuand a very useful guide to the student in the proiecntion 
•f his anatomical researches. It is 8i»|)erior to 01 her works of a simttir 
Aind and extent, iu describing not the mascles merely , but the rariout 
parl«; Dlood-re»sel8, nerves, tec, as they rume into view under the kiiKe of 
ths dissector. A knowledge of the relative situation of parts is thus ac« 
qnired ; a point of the 6rst magnitude to the practical surgeon. As the 
chief intention of the work is to teach the art of dissecttnc, the muscles 
am demonstrated m their order of situation, which is the only method that 
enn be pursued in actual distfcction."— Metlical and Chirurgical Review. 

I0I7D0N PRACTICE of MIDWIFERY, or a MANUAL for 
STUDENTS, being a complete Course of Practical Midwifery; 
in which are included the Treatment of Lying-in Women, 
and the Diseases of Children, the second edition corrected, 
I2mo. boards, 6s. 

LUXMOREs FAMILIAR OBSERVATIONS on RUPTURES, 
Ibr the L>8e of Patients of both Sexes, afflicted with those 
Complaints. Second edition, price 2s, 

LIPSCOMB'S MANUAL of INOCULATION, for the Use of the 
Faculty and Private Families ; pointing out the most approved 
Method of Inoculating and conducting Patients through the 
Small Pox, sewed, Is. 

MRDICAL FACTS and OBSERVATIONS, consiftin^ princi 
pally of original Conuuimications from Gentlemen of the Fa- 
culty, on important Subjects in Medicine and Surgery, &c, 
by Dr. Simmons, vol. 8. boards, 4s. 6d. 8yo. 

MKMIS's (John) MIDWIFE'S POCKET COMPANION, or a 
Practical Treatise of Midwifery, on a new Plan, 8ewed» Is, 6d. 
l!2mo. 

PAUL on ARTIFICIAL MINERAL WATERS, sewed, 98. 

POLE'S ANATOMICAL INSTRUCTOR, or an Illustration of 
the Modern and most approved Method of preparing and pre« 
serving the different Parts of the Human body, ana of Qua- 
drupeds, with plates,, boards, Is. 8vo. 

PEARSON'S (John) PRACTICAL OBSERVATIONS on CAN- 
CEROUS COMPLAINTS, with an Account of some Diseases 
which have been confounded with the Cancer ; also. Critical 
Remarks on some of the Operations performed in Cancerous 
Cases, sewed, 2s. 6d. 8vo. 

PEARSON'S PRINCIPLES of SURGERY, for the Us^ of Chi- 
rnrgical Students. A new Edition, with Additions, By John 
Pearson, F. R. S. Senior Surgeon to the Lock Hoi»pital and 
Asylum, Surgeon to the Public Dispensary, and Reader 6n 
the. Principles and Practice of Surgery, in one vol. 8?o. 
boards, 8s. 6d. 

PEARSON'S OBSERVATIONS on the EFFECTS of VARIOUS 
ARTICLES of the MATERIA MEDICA, in the CUREtof 
LUES VENERA, illustrated with Cases. By John Pearson, 
F. U.S. Senior Surgeon of the Lock Hospital and Asylum, 
and Surgeon to the Public -Dispensary ; Reader on tlie Priir? 



MEDICAL BOOKS PUBLISHED BT J. CALLOW. 

ciples and Practice of Surgery, 2d edition, with Additioni, 7s. 
8vo. 

POTT'S CHIRURGICAL WORKS, S vol. 8vo. new, boariU. 
18s. 1783.— N.B. The above is the last edition Mr. Pott ever 
lived to publish, 

POTT'S CHIRURGICAL WORKS, a new Edition, with hi* Iwl 
Corrections ; to which are added, a short Account of the Lile 
of the Author, a Method of curing the Hydrocele by Injec- 
tiou, and occasional Notes and Observations, by Sir Jamei 
Earie, F. R. S. Surgeon Extraordinary to the King, &c — 3 
voL boards, £l. Is, 1808. 

ROYSTOX's OBSERVATIONS on the RISE and PROGRESS 
of the MEDICAL ART in the BRITISH EMl'iRE, conUin- 
iag Remarks on Medical Literature, and a View of a Bibli«* 
graphia Medicine Britannicse, by W. Royston, 2s. 

RlCHERAND's ELEMENTS of PHYSIOLOGY; contetaiiig a 
comprehensive View and clear Explanation of the li'onctioas 
of the Human Body, in which the modern Improvements la 
Chemistry, Galvanism, and other Sciences, are applied to ex- 
plain the Actions of the Animal Economy, with a new Classt- 
ucation and copious Index ; translated from the French of A. 
Richerand, Professor of Auatomy and Physiology, and prin- 
cipal Surgeon to the Hospital of Uic North, in Paris. Bj 
Robert Kerrison, Member of the Royal College of Surgeon* 
in London, &c. in one closely printed vol, 8vo« 6s. boards, 
1806. 

REES's <Dr. George) OBSERVATIONS on DISEASES of Hut 
UTERUS; in which are included. Remarks on Moles, Polypi, 
and Prolapsus, as also on Scirrhous and Cancerous Aflections 
of that Organ, boards, 4s. 6d. Svo. 

REKS's (Dr. George) TREATISE on the PRIMARY SYMP- 
TOMS i>{ LUi^S VE)iEREA, with a concise, critical, anil 
ciicoDologica} Account of all the English Writers on this Sub- 
ject, from 17S5 to llHSi to which is added, an Analysis of 
a Course of Lectures delivered by the Author, boards, ds. 8yo. 

ROLLO's CASES of the DIABETES MELLITUS, with thr 
Results of the Trials of certain Acids and other Substances ia 
the Cure of the Lues Venera, 2d edition, with large Additions, 
boards, 6s. Svo. 1806. 

flICHTEa*s MEDICAL and SURGICAL OBSERVATIOXS, 
8vo. 5s. 

RYDING»s VETIilRINARY PATHOLOGY, or, a Trcalis« ob 
the Cure and Progress of the Disease of the Horse, ^c dec 
and an Appendix, or Veteriuarj Dispensatory, &c boads, 
3s. 6d. 8vo* 

SMITH'S ESSAY on the CAUSES of the VARIETY of COM- 
PLi:X.10\aud FIGURE in the HUMAN SPliClE>i to whiik 
arc added, STlUCTURESon LORD KAIMES's DlSC0UR>& 
of the ORIGINAL DIVERSITY of MAMa>D, boards, 

:;s. 6d. 
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SYNOPSIS PHARMACOPOiLE LOADIXENSIS. By a PhygU 
cian. Sewed, Is. 6d. lb 10. 

TUOMY's TKEATISE on the PRINCIPAL DISEASES of 
DUttLlX. By Martin Xuomy, M. D. T. C. D. In 8yo. lOs. 6d. 
boards. 1810. 

UNDERWOOD'S TRE.1TISE on the DISORDERS of CHILD- 
HOOD and MANAGEMENT of CHILDRExN fro.n the BIRTM, 
adapted to Domestic Use; second edition, 3 vol. boards, l^Zs. 
12mo. 

UNDERWOOD'S TREATISE on the DISEASES of CHILDREN, 
ivith Directions for the Management of Infants from the 
Birth, and now precisely adapted to professional Readers^ 
fifth edition, boards, 3 vol. 138. 6d. 8vo. 

UNDERWOOD'S SURGICAL TRACTS, containing a TREA- 
TISE on ULCERS of the LEGS, in which former Modes of 
Treatment arc examined and compared with one more raliooal 
and safe, effected without Rest and Coufluement; together* 
with Hints on a successful Melhod of treating some Scrofulous 
. Tumours, the Mammary Abscess, and sore Nipples of Lying- 
in Women; Observations on the more common Disorders of 
the Eyes, and on Gangrene, boards, 6s. Svo. 

XVADD's (WiUiam) PRACTICAL OBSERVATIONS on the 
NATURE and CURE of STRICTURES in the URETHRA, 
•ewed, 38. 1808. 

WEBSTER'S FACTS, tcndini to show the CONNEXION of the 
STOMACH, with LIFE. DISEASE, and RECOVERY, sewed. 
Is 6d. 

WATT*s (Robert) CASES of DIABETES, CONSUMPTION, 
.&c. with Observations on the History and Treatment of 
Disease in general, boards, 8i: 

TATEMAN's FAMILIAR ANALYSIS of the FLUID capable of 
producing the Phenomena of ELECTRICITY, of GALVAN- 
ISM or COMBUSTION—with some Remarks on Simple Gal- 
vanic Circles, and their Influence upon' the Vital Principle of 

' Animals. Illustrated by the Theories and Experiments of 
Aldini, Garnet, Davy, Young, Thompson, &c. &c. By Mat- 
thew Yateman, Esq. Price ^s. 6d. 
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